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CHAPTER  1 
INTRODUCTION 

The  huge  surplus  of  grain  in  recent  years  has  increased  the 
interest  in  the  maintenance  of  quality  in  stored  grain.   As  of  December 
1,  1987,  there  were  75  million  bushels  of  wheat  stored  on  farms  and 
over  342  million  bushels  of  wheat  stored  off  the  farms.   Losses  from 
the  lack  of  proper  management  of  this  stored  grain  have  ranged  from  a 
few  dollars  for  invisible  moisture  shrink  to  hundreds  of  thousands  of 
dollars  when  large  quantities  of  grain  are  allowed  to  become  severely 
damaged,  because  of  excess  moisture  or  insect  activity  (Kiser,  et.  al., 
1986). 

When  the  producer  decides  to  store  grain  on  the  farm,  managing  the 
stored  grain  becomes  a  responsibility.   The  producer  must  make 
decisions  regarding  management  practices  which  will  maintain  the 
quality  of  grain  and  at  the  same  time  control  storage  pests.   For  an 
individual  producer,  price  discounts  are  the  main  economic  incentive  to 
maintain  the  quality  of  stored  grain.   According  to  Reed  (1986),  73.3 
percent  of  the  producers  surveyed  felt  the  costs  of  the  loss  and 
penalties  for  infested  and/or  damaged  wheat  were  greater  than  the  cost 
of  controlling  pests  in  stored  wheat. 

Producers  are  faced  with  decisions  regarding  what  method  of  pest 
management  should  be  used  to  control  insect  activity  and  at  the  same 
time  reduce  the  probability  of  receiving  a  lower  net  income.   This 
decision  may  be  based  upon  the  costs  of  the  chemical,  the  potential 
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loss  if  a  chemical  is  not  used,  time  and  labor  involved,  and  cond: 
of  grain  when  stored. 

Justification  for  Study 

Kansas  has  a  long  history  of  studies  of  on  farm  storage  of  wheat. 
The  first  studies  of  stored  grain  began  in  1907.   The  Kansas 
agricultural  experiment  station  in  1916  began  working  on  studies  which 
concentrated  on  the  storage  characteristics  of  various  farm  bins.   In 
the  mid  1940's  Cotton  and  Winburn  (1941)  investigated  field  infestation 
of  wheat  by  stored  grain  insects  while  Walkden  (1951)  investigated  the 
economic  consequences  of  insect  infestation  in  farm  stored  grain. 
Wilbur  and  Warren  (1958)  surveyed  more  than  300  central  Kansas  farms  in 
the  late  1940' s  and  early  1950' s  to  determine  the  effectiveness  of 
various  chemical  treatments  against  stored  grain  insects  and  to 
identify  potential  sources  of  stored  grain  infestation. 

During  the  late  1970' s  and  early  1980' s,  most  of  the  work  was 
conducted  in  the  area  of  insect  densities  in  stored  grain  and  chemical 
application  to  control  insect  infestation.   However,  Reed  (1986) 
described  on  farm  wheat  storage  facilities  and  pest  control  practices 
which  were  substantially  different  than  those  used  in  the  late  1950's. 
This  particular  study  was  not  only  prompted  by  the  significant  changes 
in  on- farm  grain  storage,  but  by  the  increases  in  reserve  stocks  and 
the  ban  on  several  commonly  used  grain  fumigants.   In  this  analysis, 
emphasis  was  placed  on  determining  types  and  location  of  on  farm  grain 
storage,  insect  densities,  chemical  treatments  and  timing  patterns  of 
treatment  application  and  insect  activity. 

It  is  evident  that  the  basic  concerns  of  these  researchers  were  in 
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the  areas  of  identifying  the  grain  storage  insects  and  what  strategies 
could  be  used  to  control  them.   However,  many  of  the  insecticides  and 
possible  treatments  have  either  been  taken  off  the  market  or  can  only 
be  applied  by  certified  pesticide  applicants.   The  choices  for 
controlling  insects  on  stored  grain  are  dwindling  to  the  point  that 
producers  have  very  few  options  available. 

Decisions  regarding  management  of  grain  are  part  of  the  high  risk 
environment  in  which  agricultural  producers  operate.   Every  day 
producers  are  faced  with  some  type  of  decision  regarding  what  crop  to 
plant  this  year  based  upon  expected  forecasts,  whether  to  sell  the  crop 
after  harvest,  or  to  store  the  crop  until  prices  become  more 
profitable.   Storing  the  grain  seems  to  be  one  solution  at  this 
critical  time  in  agriculture  in  order  to  take  some  of  the  pressure  of 
surplus  grain  out  of  the  market  place.   However,  in  order  to  guarantee 
the  higher  price  without  getting  discounted  for  poor  quality  or  most 
importantly,  infestation,  the  producers  must  make  wise  pest  management 
decisions . 

Most  producer  decisions  can  be  determined  by  the  relative  cost  and 
performance  of  each  option.   Risk  may  also  be  a  concern  for  the 
decision  maker.   Producers  who  are  risk  averse  may  adopt  less 
profitable  options  when  they  are  less  risky.   Producers  may  have  a 
vague  idea  of  the  probability  of  the  result  of  each  strategy  available, 
so  the  decision  is  also  influenced  by  their  own  or  neighbors  experience 
commonly  gained  by  trial  and  error. 

Description  of  Data  Sets 

In  this  study,  three  primary  data  sets  were  used.   The  first 
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data  set  was  a  result  of  an  on-farm  study.   Since  listings  of  producers 
in  counties  who  had  wheat  stored  on  the  farm  was  not  available,  sample 
selection  was  randomized  on  the  basis  of  location.   All  Kansas 
counties,  whose  production  from  1979  to  1984  was  at  least  50  percent 
higher  than  the  statewide  average,  was  used  as  the  criteria. 

Each  selected  individual  owning  or  living  at  the  chosen  location 
was  contacted  by  phone  to  determine  whether  wheat  was  produced  and 
stored  at  the  chosen  site.   Individuals  who  stored  more  than  900 
bushels  of  wheat  on  the  farm  for  three  months  or  more  were  asked  to 
complete  a  mailed  questionnaire.   If  the  individual  agreed,  then  a 
questionnaire  was  sent  with  a  coded,  stamped  return  envelope. 
Respondents  were  asked  to  answer  all  questions  relative  to  wheat  only 
and  not  other  farm-stored  grain.   Also,  the  producers  were  asked  about 
the  types  of  pest  control  methods  used  and  when  treatments  were 
applied.   Approximately  250  questionnaires  were  mailed  and  170  were 
returned. 

The  completed  questionnaires  were  stratified  by  the  pest  control 
strategy  used  for  farm-stored  wheat  according  to  the  following 
categories:   (1)  Minimum/No  Treatment  -  no  pest  control  chemical 
applied  to  the  wheat;  (2)  Grain  Protectant  Treatment  (Malathion  or 
Chlorpyrifos-methyl)  insecticide  applied  to  the  wheat  during  bin 
filling;  (3)  Fumigation  Treatment  -  wheat  treated  with  fumigants  later 
in  the  storage  period;  (4)  Fumigation  and  Grain  Protectant  Treatments  - 
wheat  treated  with  protectant  and  also  fumigant.   Twenty-eight  Kansas 
counties  were  randomly  selected  which  included  55  farm  locations  in  six 


district  areas:   northwest,  west,  southwest,  north  central,  central, 
and  south  central  (Figure  1.1). 

In  July,  investigators  sampled  79  bins  from  the  originally 
identified  farms  where  wheat  was  produced  and  stored.   Samples  were 
taken  from  the  bins  and  analyzed  to  determine  the  quality  of  the  grain 
and  also  the  insect  activity  at  that  particular  time  period.   These 
selected  bins  were  sampled  at  two  month  intervals  from  July,  1986  to 
March,  1987. 

The  second  data  set  was  from  an  elevator  study.   This  included 
data  gathered  from  elevators  in  locations  including  all  major  wheat 
production  areas  of  Kansas.   Six  terminal  and  eleven  country  elevators 
were  selected  based  on  their  location  and  history  of  cooperation  with 
stored-grain  research. 

Elevator  operators  were  asked  to  collect  samples  of  on-farm  stored 
wheat  delivered  to  market.   The  operators  collected  samples  from 
randomly  selected  farmers  with  on-farm  storage.   Approximately  1000 
grams  were  retained  in  plastic  containers  and  kept  at  room  temperature 
at  the  elevator  until  picked  up  by  researchers.    A  sample  card  was 
supplied  for  the  elevator  operator  to  report  sample  identification  and 
date,  the  approximate  size  of  the  lot,  the  value  of  the  discount,  and 
the  reason  for  the  discount. 

Samples  were  collected  at  intervals  of  no  more  than  10  days  apart 
from  November  1986  through  May  1987  and  transported  to  the  laboratory 
for  analysis.   Moisture  content,  test  weight,  dockage,  fine  material, 
and  insect  counts  were  recorded.   Finally,  insect-damaged  kernels  were 
then  determined  by  Food  And  Drug  Administration  criteria  (Wingfield  and 
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Pederson,  1985)  and  expressed  as  number  per  100  grams.   In  wheat,  32  or 
more  insect-damaged  kernels  per  100  grams  is  the  current.  FDA  "defect 
action  level . " 

The  third  data  set  was  the  chemical  cost  data.   Costs  were 
gathered  from  interviewing  49  grain  elevators,  cooperatives,  and 
agricultural  services  located  in  the  central,  northwest,  and  southwest 
areas  of  Kansas.   Out  of  the  49  surveyed,  33  were  cooperatives,  nine 
were  grain  elevators,  three  were  terminal  elevators,  three  were  local 
department  stores  and  one  was  an  agricultural  service.   Only  69.4 
percent  of  those  surveyed  sold  some  type  of  treatment  that  farmers 
could  use  on  their  stored  grain. 

Objectives  and  Organization  of  Thesis 

The  objective  of  this  study  was  to  analyze  the  pest  management 
decisions  the  producer  must  make  regarding  control  of  insects  in  stored 
grain.   In  order  to  analyze  this  decision,  three  types  of  data  were 
combined.   First,  data  on  the  costs  of  the  different  treatments  were 
needed.   Second,  data  from  samples  of  grain  in  farm  bins  were  used  as 
estimates  of  the  insect  activity  in  bins  when  different  treatments  are 
used.   Third,  data  from  samples  collected  at  elevators  were  used  to 
indicate  the  discounts  received  for  insects  in  stored  grain.   Finally, 
since  there  are  substantial  differences  in  discounts  received  and  in 
levels  of  insect  activity,  the  pest  management  decisions  were  analyzed 
in  a  framework  that  allowed  consideration  of  the  risk  associated  with 
the  decision. 

The  remaining  chapters  are  organized  in  the  following  way. 
The  literature  cited  in  Chapter  2  concentrates  on  the  biological  and 
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chemical  aspects  of  grain  storage  insects.   Most  of  the  previous 
research  was  related  to  the  production  side  of  agriculture  rati 
economic  studies.   This  study  was  an  economic  study  of  the  selection  of 
management  strategies  for  maintenance  of  quality  in  stored  grain.   The 
methods  used  for  analysis  as  well  as  the  theory  relevant  to  the 
analysis  are  discussed  in  Chapter  3.   The  results  and  implications  of 
the  analysis  are  discussed  in  Chapter  4.   Summary  and  discussion  of 
needs  in  future  research  are  discussed  in  Chapter  5. 


CHAPTER  2 
LITERATURE  REVIEW 

Most  research  has  concentrated  primarily  on  biological  studies  and 
chemical  control  of  insects  which  infest  stored  grain.   There  has  been 
very  little  research  on  the  economics  of  insect  infestation.   Moreover, 
little  risk  analysis  or  decision  making  analysis  regarding  the  choice 
of  pest  management  strategies  for  storage  insects  has  been  reported. 
Therefore,  a  brief  overview  of  studies  reported  in  the  biological  area 
and  possible  causes  of  outbreaks  of  insect  infestation  is  presented. 
Secondly,  some  economic  studies  related  to  economic  thresholds,  and 
risk  and  decision  making  analysis  are  discussed. 

Biological  Studies 

Reports  of  problems  faced  by  Kansas  wheat  producers  storing  grain 
started  in  the  late  1930's  and  the  early  1940's.   Investigations  of  the 
outbreaks  of  infestations  and  factors  causing  infestation  were 
conducted  during  this  time  and  have  continued  until  the  present. 
Winburn  (1940)  reported  that  25  of  27  bins  surveyed  in  late  October  in 
one  central  Kansas  county  showed  more  or  less  heavy  infestation.   In 
October,  1971,  Bell  et  al .  (1972)  sampled  154  bins  of  Kansas  farm- 
stored  wheat  and  found  that  88  percent  of  those  bins  were  infested. 

McGaughey  et  al.  (1978)  investigated  single  bins  of  wheat  at  58 
farm  sites  and  two  bins  at  four  sites  in  a  23  county  area  in  central 
and  south-central  Kansas.   Only  bins  containing  wheat  harvested  that 


year  were  examined.   Inspection  period  was  from  August  to 
Throughout  this  period,  79  percent  of  the  bins  became  infested. 
Eighteen  of  the  32  non- infested  bins  became  infested  between  August  and 
November.   No  new  infestations  were  found  during  the  February  to 
visits,  but  evidence  that  larval  activity  had  occurred  during  the 
winter  months  was  noted  in  several  infested  bins.   At  each  visit, 
evidence  of  Indian  meal  moth  infestation  was  noted  by  visual 
examination  of  grain  surface  and  exposed  areas  of  the  bin  walls  and 
roof. 

During  the  four  visits  to  the  farm,  the  incidence  and  severity  of 
Indian  meal  moth  in  prior  years  were  established  by  interviewing  the 
producers.   When  infestation  history  was  compared  with  infestation 
during  the  study,  the  results  were  similar.   Twenty-one  percent  of  the 
non- infested  bins  had  had  no  previous  problems  and  none  had  had  severe 
problems.   However,  15  percent  of  the  infested  bins  had  a  history  of 
severe  infestation,  and  only  two  percent  had  a  history  of  no 
infestation.   This  tendency  toward  a  history  of  more  severe  infestation 
for  infested  bins  was  consistent  regardless  of  bin  construction. 

McGaughey  et  al.  concluded  that  the  Indian  meal  moth  infestation 
is  a  much  greater  problem  than  what  was  initially  assumed.   Infestation 
began  in  the  early  months  immediately  after  harvest  and  through  the 
fall  months.   The  frequency  and  severity  of  infestations  can  be 
predicted  by  evaluating  prior  experience  at  the  bin  site.   Thus, 
effective  control  and  preventive  measures  for  the  Indian  meal  moth  are 
needed. 

Samples  from  more  than  8000  farm  bins  were  examined  by  Storey  et 
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al.  (1983).   They  found  live  insects  in  25.1  percent  of  the  wheat. 
Mean  insect  densities  of  the  20  samples  examined  from  several  states 
ranged  from  1  to  135/1000  grams.   The  mean  insect  density  of  the 
samples  from  Kansas  was  15  insects  per  1000  grams. 

On  three-month  intervals  beginning  in  July,  Reed  (1986)  sampled 
bins  from  40  farms.   The  frequency  of  infested  farm-stored  wheat  was 
highest  in  late  fall.   The  insect  densities  within  the  grain  mass  were 
also  highest  in  November  and  were  reduced  during  the  winter.   Bran  bugs 
were  the  most  commonly  found  stored-product  insects,  and  were  present 
in  over  75  percent  of  the  infested  bins.   The  more  destructive  insects 
(internal- infesting  insects)  were  not  as  abundant  as  the  other  species. 
Only  15.5  percent  of  the  insects  present  in  the  samples  were  classified 
as  weevils,  and  this  primarily  because  one  bin  was  heavily  infested. 

Causes  and  Control  of  Insect  Outbreaks 

The  more  important  factors  affecting  the  rise  or  fall  of  insect 
populations  in  stored  grain  are  food  supply,  temperature  and  moisture, 
and  control  or  prevention  measures.   With  the  large  quantities  of 
stored  grain  on  the  farm,  the  availability  of  food  supplies  for  insects 
is  always  at  hand.    Wilbur  and  Warren  (1958)  surveyed  335  Kansas  farms 
during  the  late  1940' s  and  early  1950' s  and  found  that  stored 
marketable  wheat  in  close  proximity  to  feed  grains  and/or  ground  feeds 
was  infested  on  more  than  one-half  of  the  farms.   On  every  farm 
surveyed,  insect- infested  grain  and  feed  in  bins,  adjacent  buildings 
and  equipment  were  found  to  be  potential  sources  of  contamination. 

Temperature  and  moisture  are  the  most  important  factors  affecting 
the  prevalence  of  stored-grain  insects.   Most  of  the  insects 
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thought  to  be  of  subtropical  origin  and  do  not  hibernate.   Therefore, 
storage  insects  are  more  likely  to  cause  considerable  damage  when  high 
temperatures  and  moisture  contents  are  noticeable. 

Wilken  (1985)  found  that  stored  grain  insect  pests  require  minimum 
temperatures  (54°  to  64°  F) ,  depending  upon  species,  to  complete  tl 
life  cycles.   Optimum  temperatures  for  maximum  rates  of  reproduction 
range  between  80°  and  104°  F. 

Oxley  (1948)  found  that  when  dry  grain  heats,  insect  infestations 
are  the  cause,  and  the  source  of  heat  is  the  metabolism  of  the  insects 
themselves.   This  ability  of  insects  to  heat  grain  enables  them  to 
breed  throughout  the  winter  in  areas  where  normal  grain  temperatures 
would  be  too  low  to  support  insect  development. 

The  insect  pests  of  stored  grain  are  dependent  upon  their  food 
supply  for  the  moisture  requirements  to  carry  on  their  life  processes. 
For  this  reason  grain  moisture  is  an  important  factor  in  their  life 
cycle.   Cotton  et  al.  (1960)  investigated  storage  conditions  on  central 
Kansas  farms  and  reported  that  from  1946-1950  the  majority  of  farm- 
stored  wheat  contained  from  11  to  13  percent  moisture  content.   They 
found  a  positive  correlation  between  moisture  content  and  insect 
infestation.   In  fact,  when  moisture  content  was  between  12  and  13 
percent,  insect  populations  were  substantially  higher  than  when 
moisture  content  was  11  to  12  percent. 

The  type  of  pest  control  and  other  physical  and  sanitation 
conditions  may  affect  the  ease  with  which  the  quality  of  stored  grain 
is  maintained.   Storey  et  al.  (1984)  examined  4,171  samples  of  wheat 
submitted  from  27  states.   According  to  the  information  submitted  with 
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the  samples,  less  than  10  percent  had  been  fumigated  and  only  15 
percent  of  the  samples  were  treated  with  malathion  protectant. 

In  a  study  of  farm-stored  corn  and  wheat  in  Minnesota,  Barak  and 
Harein  (1981)  reported  that  less  than  10  percent  of  the  wheat  had 
received  a  "post-harvest  treatment".   All  surveyed  bins  had  been 
cleaned  before  newly-harvested  wheat  was  added,  but  less  than  10 
percent  were  treated  with  insecticide  and  none  of  the  wheat  had 
received  a  protectant  treatment  during  bin  filling. 

The  percentage  of  wheat  bins  equipped  for  aeration  was  found  to  be 
32.8  and  52.5  percent,  respectively,  when  Prickett  et  al .  (1983) 
sampled  Oklahoma  farms  in  1982  and  1983.   Insect  densities  were 
substantially  lower  in  aerated  than  in  non-aerated  bins,  while  no 
reduction  in  insect  density  was  found  in  grain  treated  with  protectant. 

Aeration  is  not  always  available  as  a  pest  management  strategy, 
however.   In  a  study  of  farm-stored  wheat  in  Kansas,  Reed  (1986)  found 
that  only  one- third  (35.9  percent)  of  the  producers  surveyed  reported 
having  aerated  storage.   Another  37.1  percent  reported  having  both 
aerated  and  non-aerated  bins,  and  27.1  percent  had  only  non-aerated 
storage  capacity. 

It  was  also  determined  that  the  storage  location  of  the  newly 
harvested  grain  relative  to  old  grain  in  storage,  may  be  another  factor 
increasing  the  risk  of  deterioration  and  loss  in  farm-stored  wheat. 
While  only  8.2  percent  of  the  respondents  reported  having  stored  wheat 
from  two  crop  years  in  the  same  bin,  37.3  percent  of  the  producers  had 
stored  old  and  new  crop  wheat  close  together. 

Moreover,  Reed  found  that  producers  who  used  the  protectant 
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treatment  method  were  more  common  and  collectively  stored  more  on- I 
wheat  than  producers  who  used  other  treatment  strategies.   The  use  of 
both  grain  protectant  and  fumigation  was  selected  by  the  fewest 
producers,  but  these  producers  had  18.6  percent  of  the  total  quantity 
stored.   Essentially,  producers  who  indicated  using  the  grain 
protectant  and  fumigation  treatment  method  tended  to  report  large 
storage  capacities.   However,  this  survey  suggests  that  about  one- third 
of  Kansas  on- farm  stored  wheat  was  often  stored  without  chemical 
treatment . 

Economic  Analysis 
Economic  Thresholds: 

Establishing  economic  thresholds  and  the  need  to  use  an 
insecticide  or  to  intervene  in  any  way  is  of  foremost  importance.   The 
economic  threshold  is  not  a  fixed  level,  but  a  dynamic  concept,  the 
density  level  satisfying  the  concept  depends  upon  a  variety  of 
circumstances  which  may  vary  markedly  with  the  location  and  time  during 
the  season. 

Palti  and  Ausher  (1986)  suggested  two  types  of  thresholds: 
(1)  the  economic  damage  threshold  is  the  point  at  which  any  factor 
whether  biotic  or  abiotic  begins  to  reduce  the  value  (quantity  or 
quality)  of  the  yield,  and  (2)  the  treatment  (control)  threshold  is  the 
point  at  which  the  value  preventable  by  farmers'  operations  exceeds  the 
cost  of  control  operations;  the  extra  yield  obtainable  by  such 
operations  promises  an  income  higher  than  control  expenses. 

According  to  Sill  (1982),  to  develop  a  realistic  economic 
threshold,  a  constant  monitoring  of  population  is  required  and  then 
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control  decisions  must  be  made.   Furthermore,  if  farmers  are  highly 
averse  to  risk,  they  want  to  avoid  even  the  slightest  reduction  in 
yield  or  price,  especially  those  having  high  value  crops.   Therefore, 
there  is  a  tendency  for  "insurance"  treatments  often  applied  very 
protectively. 

Barak  and  Harein  (1981)  surveyed  Minnesota  producers  who  stored 
grain  on  their  farm  in  order  to  gain  insight  into  purchasing  policies 
regarding  infested  grain  bought  out  of  farm  storage  and  to  learn  how 
this  influences  integrated  pest  management  decisions.   Information 
acquired  from  the  questionnaire  regarded:   (1)  discounts  for 
infestation,  (2)  insect  threshold  numbers,  (3)  grain  inspection  and 
sampling  methods,  (4)  estimated  rates  of  infestation,  and  (5)  estimates 
of  pesticide  treatments  required. 

Insect  counts  can  be  utilized  as  threshold  action  levels.   For 
example,  if  corn  and  wheat  are  detected  to  have  15  and  5  live  adult 
"bran  bugs,"  respectively,  in  a  sample,  then  officially  the  lot  would 
be  considered  "special  grade"  weevily.   In  the  case  of  the  Barak  and 
Harein  survey,  the  economic  threshold  level  was  2.7  live  adult  insects 
per  sample.   When  threshold  levels  were  stated  in  units  of  insect 
density,  the  mean  was  5.3  live  adult  insects  per  kilogram  of  grain  with 
a  range  of  0.5  to  22.0  per  kilogram.    Without  an  estimate  of  the  pest 
density  that  can  be  tolerated  without  significant  crop  loss  (or 
penalty)  there  can  be  no  reasonable  safeguard  against  over  treatment 
with  insecticides  or  unacceptable  crop  damage.   Furthermore,  the  use  of 
insecticides  when  they  are  not  needed  is  contrary  to  the  principles  of 
an  integrated  pest  management  program. 
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Decision  Matrix  Method: 

Newton  and  Leuschner  (1974)  illustrated  the  potential  of  applying 
formal  decision  making  under  risk  to  major  pest  management  decisions. 
Using  a  hypothetical  pest  management  problem  of  the  southern  pine 
beetle,  they  developed  decision  matrices  and  expected  values  to  account 
for  risk  and  provide  a  useful  decision  guideline.   The  southern  } . 
beetle  was  detected  on  corporate -owned  land.   The  regional  manager  felt 
that  an  appropriate  strategy  should  be  used  to  reflect  prognosis  of 
infestation,  the  prevailing  managerial  philosophy,  and  financial 
position  of  the  firm. 

The  only  control  methods  employed  by  the  firm  were  to  salvage  the 
infested  spots,  or  to  fell  the  infested  trees  and  cut  the  limbs  and 
tops  from  the  central  stem.   The  problem  was  broken  down  to  two  states 
of  nature.   The  first  state  was  a  condition  that  limited  the  spread  of 
infection  and  little  forest  damage  was  expected.    The  second  state  of 
nature  was  an  outbreak  condition  where  the  spots  was  centers  of 
infestation.   The  manager  develops  a  formal  decision  matrix  of  outcomes 
to  facilitate  decision  making. 

By  using  a  decision  matrix,  the  analysis  of  decisions  under  risk 
can  be  more  readily  understood.   The  matrix  has  n  rows  which  are  the 
alternatives  under  consideration  and  the  m  columns  are  the  states  of 
nature  which  are  the  decision  maker's  control  and  are  thought  to 
determine  the  outcome  associated  with  each  alternative. 

The  frequency  with  which  the  different  states  of  nature  occur  is 
described  by  a  discrete  probability  distribution.   In  this  example, 
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historical  data  was  used  as  the  most  frequent  source  of  probability 
distributions . 

The  values  of  the  outcomes  were  placed  on  the  pest  management 
problem  by  quantifying  the  control  cost  and  damage  outcomes  for  each 
alternative  and  state  of  nature.   This  procedure  provided  a  value  for 
each  outcome  which  was  weighted  by  the  probabilities  to  obtain  an 
expected  value. 

However,  this  procedure  may  not  be  usable  because  outcomes 
concerning  upper  management  feelings  and  public  interest  are  not 
considered.   Secondly,  data  to  estimate  the  amount  of  damage  may  be 
unavailable.   In  these  cases,  a  utility  schedule  may  be  of  assistance. 

Utility  theory  was  founded  on  the  concept  that  an  individual's 
preference  for  some  consequence  reflects  the  utility  of  that 
consequence.   In  other  words,  utility  represents  the  measure  of 
satisfaction  derived  by  an  individual  from  a  situation.   Thus,  a 
preferred  consequence  has  a  greater  utility  value  than  a  less  preferred 
consequence . 

In  examining  risky  alternatives,  utility  analysis  provides  a  means 
whereby  subjective  preferences  can  be  quantified  and  the  decision 
process  simplified.   Since  the  utility  schedule  is  useful  in  assigning 
values  to  the  individual's  preferences,  the  decision  maker  is  then  able 
Co  maximize  expected  utility  consistent  with  the  expressed  preferences. 

The  utility  schedule  can  be  developed  for  the  outcomes  because  the 
utility  function  is  unique  to  a  particular  problem,  manager,  I  . 
place.   Thus,  the  matrix  will  be  different  every  time  the  place, 
or  manager  changes. 
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Finally,  in  this  analysis,  decisions  about  complex  pest  management 
problems  must  be  made  regularly,  and  these  decisions  are  usually  being 
made  under  risk  and  commonly  without  complete  knowledge.   Therefore, 
utility  functions  have  a  place  in  the  decision-making  process  where 
dollar  values  cannot  be  satisfactorily  estimated,  and  expected  ut i . 
should  be  used  until  a  more  sophisticated  method  is  developed  to  make 
more  accurate  pest  management  decisions. 
Expected  Utility  Model: 

The  expected  utility  model  provides  a  single-valued  index  that 
orders  action  choices  according  to  the  preferences  or  attitudes  of  the 
decision  maker.   Anderson  et  al .  (1977)  outlined  the  components  of  a 
decision  problem  that  included  a  set  of  action  choices,  a  set  of 
monetary  outcomes,  and  a  probability  density  function. 

A  decision  maker's  attitude  toward  risk  is  related  to  the  slope  of 
his  utility  function.   A  linear  utility  function  implies  a  risk  neutral 
individual,  a  concave  function  implies  a  risk  averse  person,  and  a 
convex  function  implies  a  risk  preferring  attitude.   Anderson  et  al. 
(1977)  noted  that  empirical  evidence  suggests  that  most  decision  makers 
are  risk  averse. 

A  concave  utility  function  has  a  non-negative  first  derivative, 
[U'  >  0] ,  and  a  negative  second  derivative,  [U"  <  0].   This  implies 
that  as  the  producers  wealth  increases,  his  marginal  utility  declines. 
Therefore,  a  risk  averse  individual  would  prefer  an  action  that  would 
assure  him  a  certain  return  rather  than  an  equal,  but  uncertain, 
expected  return. 

Most  comparisons  of  risk  aversion  among  decision  makers  are  valid 
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only  at  specific  monetary  outcomes.   Since  one  decision  maker  may  be 
more  risk  averse  than  another  at  different  monetary  outcomes,  it  is 
very  difficult  to  compare  decision  makers  over  a  wide  range  of  wealth 
positions.   In  addition,  problems  of  inaccuracy  may  exist  in 
formulating  utility  functions.   Shortcomings  in  interview  procedures, 
problems  in  statistical  estimation,  and  an  individual's  lack  of 
knowledge  about  their  preferences  may  hinder  the  estimation  process 
(King  and  Robison,  1981). 

Musser  et.  al  (1984)  described  the  formulation  of  risk  programming 
models  that  incorporate  activities  for  production,  marketing,  input 
acquisition,  investment,  credit  consumption,  and  taxation.   These 
models  may  be  applied  as  risk  efficiency  criteria  without  estimating 
the  decision  maker's  risk  preferences. 
Concepts  of  Stochastic  Efficiency 

Newton  et  al.  (1974)  explained  the  difference  between  a  decision 
made  under  certainty  and  one  made  under  uncertainty.   When  the  manager 
knows  the  exact  outcome  of  each  alternative,  then  the  decision  is  made 
under  certainty.   On  the  other  hand,  decisions  made  under  uncertainty 
are  those  for  which  each  alternative  has  a  series  of  possible  outcomes 
and  there  is  little  reason  to  assume  one  outcome  will  dominate  another. 
This  situation  exemplifies  most  management  decisions. 

In  particular,  pest  management  decisions  are  usually  probabilistic 
and  therefore  are  decisions  made  under  risk.   The  use  of  a  stochastic 
dominance  criterion  provides  a  useful  decision-making  framework.   The 
stochastic  dominance  analysis  uses  pair-wise  comparisons  to  evaluate 
strategies  and  to  derive  the  most  efficient  set  of  strategies.   Given 
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specified  restrictions  on  the  decisions  maker's  preferences,  an 
efficiency  criterion  provides  a  partial  ordering  of  these  strategies. 

The  greater  the  number  of  restrictions  placed  on  preferences, 
greater  the  discriminatory  power  of  the  criterion.   However,  this 
requires  more  specific  information  about  the  preferences  which  may  not 
be  available.   Fewer  restrictions,  which  are  easier  to  apply  as  a 
criterion,  may  reduce  the  ability  of  the  criterion  to  eliminate  choices 
from  consideration,  making  it  of  little  use  as  a  decision  making  tool. 

Different  stochastic  dominance  rules  depend  on  different 
assumptions  regarding  the  utility  function  of  the  decision  maker. 
First  degree  stochastic  dominance  (FSD)  holds  for  all  decision  makers 
who  prefer  more  to  less,  ie .  their  marginal  utility  of  income  is 
positive.   No  assumptions  are  made  regarding  risk  preferences.   This 
decision  criteria  holds  for  most  decision  makers.   However,  the 
usefulness  of  FSD  is  somewhat  limited  because  in  some  applications,  few 
of  the  choices  are  eliminated  for  consideration  using  FSD  rules. 

The  selection  process  can  be  done  either  mathematically  or 
graphically.   Cumulative  distribution  functions  (CDF)  are  used  to  do 
pair-wise  comparisons.    Mathematically,  the  criterion  for  FSD 
efficiency  can  be  stated  in  the  following: 


Given  two  CDF's,  F(y)  and  G(y) ,  strategy  F  can  be  said  to 
dominate  strategy  G,  if  F(y)  <  G(y)  for  all  y  and  if  the 
inequality  is  strict  for  some  value  of  y. 


Graphically,  strategy  'F'  dominates  strategy  'G'  if  the  cumulative 
distribution  function  for  'F'  is  never  above  and  is  below  that  of  'G' 
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for  at  least  one  point.   This  is  illustrated  in  Figure  2.1,  where 
strategy  F  dominates  strategy  G. 

Figure  2.1:   Illustration  of  First  Degree  Stochastic  Dominance 
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Second  degree  stochastic  dominance  (SSD)  is  more  discriminating 
than  FSD  and  holds  for  all  decision  makers  whose  utility  functions  have 
positive,  decreasing  slopes  at  all  outcome  levels.   In  other  words, 
individuals  receive  more  satisfaction  from  equivalent  increases  in 
income  at  a  lower  level  of  base  income,  than  at  higher  levels  of  base 
income.   This  implies  that  the  individual  is  risk  averse.   Second 
degree  stochastic  dominance  is  particularly  useful  to  rank  alternative 
choices  given  that  risk  aversion  is  believed  to  be  the  general  form  of 
behavior. 

Given  two  cumulative  distribution  functions,  F(y)  and  G(y) , 
strategy  F  dominates  strategy  G  for  all  who  are  risk  averse  if: 

P ' .*>     F(y)dy    <  p .«,   C(y)dy,  for  all  values  of  y, 

and  if  the  inequality  is  strict  for  some  value  of  y. 
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Graphically,  strategy  'F'  dominates  strategy  'C  if  the  ... 
the  cumulative  distribution  function  of  'F'  never  exceeds  and  is 
some  point  less  than  the  area  under  the  cumulative  distribution 
function  of  'G'.   This  is  shown  in  Figure  2.2,  where  F  dominates  G 
under  SSD,  but  there  would  be  no  dominance  under  FSD  criteria  because  F 
is  above  G  in  one  area. 

Figure  2.2   Illustration  of  Second  Degree  Stochastic  Dominance 
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Biological  studies  show  that  insect  infestation  is  still  a  major 
problem  in  stored  grain.   Because  of  the  importance  of  good  quality 
grain  in  the  export  market  and  the  large  amount  of  grain  in  storage  in 
recent  years,  the  issue  of  storage  management  has  become  very 
important.   In  particular,  the  decisions  regarding  on  farm  use  of 
techniques  to  control  insects  in  farm  stored  grain  have  become  very 
important.   This  study  uses  stochastic  dominance  as  the  framework  for 
studying  the  decisions  regarding  the  selection  of  a  strategy  to  control 
insects . 
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CHAPTER  3 
METHODOLOGY 

This  chapter  includes  a  description  of  the  methods  used  to 
calculate  the  probabilities  and  outcomes  required  to  apply  the 
stochastic  dominance  criterion.   It  explains  in  detail  how  three 
different  data  sets  were  combined  to  derive  the  cumulative  distribution 
functions  for  the  various  quality  conditions  and  time  periods. 
Finally,  it  discusses  the  procedures  used  to  select  which  strategies 
would  remain  in  the  efficient  set. 

Variables  Used  in  the  Analysis: 

Basically,  this  study's  objective  was  to  analyze  the  decision  a 
wheat  producer  must  make  regarding  the  type  of  treatment  to  use  on  his 
stored  grain.   The  strategy  selected  should  consider  the  probability  of 
receiving  a  discount  as  well  as  the  size  of  the  discount.   Both 
probabilities  and  size  of  discounts  affect  the  distribution  of  net 
income  received  by  the  producer.   These  distributions  must  be  estimated 
for  each  treatment  for  each  time  period  when  samples  were  taken  and  for 
different  wheat  quality  conditions,  if  possible.   In  order  to  obtain 
these  distributions,  three  data  sets  were  combined. 

Essentially,  the  farm  analysis  data  set  contained  information 
about  the  type  of  treatment  used  by  the  producer  during  four  separate 
sample  times.   In  this  analysis,  time  was  a  very  important  factor 
because  the  length  of  storage  may  affect  the  choice  of  pest  control 
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measures  (Reed  and  Pederson,  1987).   It  was  also  found  chat 
approximately  three-quarters  of  the  respondents  stored  wheat  for  at 
least  six  months,  and  nearly  half  usually  intended  to  store  for  up  to 
nine  months.   A  significant  (p  <  0.05)  association  was  observed  between 
intended  length  of  storage  and  the  choice  of  pest  control  measure.   As 
would  be  expected,  those  who  intended  to  store  for  a  short  period  of 
time  usually  opted  for  the  least  expensive  measures. 

The  farm  data  included  the  number  of  insects  found  in  each  sample 
taken.   The  number  of  insects  found  per  1000  gram  sample  was 
categorized  as  follows:   0  insects,  0  <  insects  <  1,  1  <  insects  <  5, 
and  insects  >  5.   The  probability  of  having  the  number  of  insects  in 
one  of  these  categories  was  calculated  for  each  treatment  strategy  in 
each  sample  time. 

Table  3.1  shows  the  probabilities  calculated  from  the  farm  data 
for  three  treatment  strategies  during  the  September  sample  period. 
Each  probability  can  be  expressed  as  the  following: 

P(number  of  insects | time  of  sampling  and  treatment  strategy  applied). 

In  other  words,  each  number  in  the  table  is  a  representation  of  the 
probability  of  falling  in  one  of  the  four  categories  of  insects  given 
the  sample  time  and  the  treatment  strategy  applied.   The  probabilities 
sum  to  one  across  the  table  for  each  treatment  strategy. 

The  elevator  study  contained  information  on  the  size  of  the 
discounts  given  by  various  elevators.   The  study  also  provided 
information  on  the  reasons  why  the  wheat  was  discounted.   When  the 
samples  from  the  elevators  were  analyzed,  insect  counts  were  recorded. 
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Table  3.1:   Probabilities  of  Getting  Insects  Using 
Different  Treatment  strategies  during 
the  September  Sample  Time. 


Insect 

Categories 

Treatment 
Strategies 

il  =  0 

0  <  I  <  1 

1  <  I  <  5 

I  >  5 

No  Treatment 

15.79 

34.21 

26.32 

23.68 

Protectant 

37.50 

25.00 

25.00 

12.50 

Fumigation 

9.09 

36.36 

36.36 

18.18 

1   I  -  Number  of  Insects 

The  same  insect  categories  were  used  in  this  study  as  were  used  in  the 
farm  analysis.    However,  insects  were  not  the  only  factor  contributing 
to  the  marketed  wheat  receiving  a  discount.   Many  of  the  discounts  were 
given  for  reasons  other  than  insect  infestation.   Furthermore,  it  was 
found  by  using  a  step-wise  model  that  moisture  content  and  test  weight 
were  significant  at  an  a  =  .15  in  determining  the  likelihood  of 
receiving  a  discount.   Therefore,  in  order  to  consider  these 
characteristics,  the  probabilities  of  discounts  were  calculated  using 
different  wheat  quality  groups.   Test  weight  was  divided  into  three 
separate  groups:   TW  <  56 ,  56  <  TW  <  58,  and  TW  >  58.   Moisture  content 
was  also  separated  into  four  different  groups:   MC  <  10,  10  <  MC  <  11, 
11  <  MC  <  12,  and  MC  >  12 .   Thus,  there  was  a  probability  for  each 
discount  for  a  certain  category  of  insect  infestation  within  a  specific 
wheat  quality  group. 

Table  3.2  shows  a  set  of  probabilities  calculated  when  test  weight 
was  greater  than  58.   Each  number  in  the  table  is  the  probability  of 
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receiving  a  certain  discount  given  the  number  of  insects 
quality.   This  is  expressed  as  the  following: 

P(discount | wheat  quality  and  number  of  insects). 

These  probabilities  sura  to  one  down  the  column  for  each  category  of 
insects . 


Table  3.2:   Probabilities  of  Receiving  a  Discount  for 
Certain  Insect  Categories  When  Test  Weight 
was  Greater  Than  58. 


Insect 

Categories 

Discounts 

--£----- 

0  <  I  <  1 

1  <  I  <  5 

I  >  5 

$0,000 

67.27 

63.64 

45.45 

40.00 

0.005 

13.94 

18.18 

18.18 

13.33 

0.010 

10.30 

4.55 

0.00 

0.00 

0.020 

1.82 

0.00 

0.00 

0.00 

0.030 

1.21 

0.00 

0.00 

6.67 

0.050 

2.42 

0.00 

9.09 

0.00 

0.060 

0.61 

0.00 

0.00 

0.00 

0.070 

2.42 

0.00 

18.18 

6.67 

0.080 

0.00 

4.55 

0.00 

6.67 

0.090 

0.00 

0.00 

9.09 

0.00 

0.100 

0.00 

4.55 

0.00 

20.00 

0.185 

0.00 

0.00 

0.00 

6.67 

0.190 

0.00 

4.55 

0.00 

0.00 

1   I  -  Number  of  Insects 

It  needs  to  be  noted  that  the  discounts  in  Table  3.2  are  all  the 
possible  discounts  charged  to  producers  within  that  particular 
category.   Therefore,  there  is  a  separate  set  of  discounts  for  each 
category. 

The  third  data  set  included  the  costs  of  the  treatment  strategies 
used  in  this  analysis.   An  average  cost  for  each  treatment  strategy  was 
calculated . 
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In  the  following  sections,  an  example  will  be  used  to  better 
illustrate  the  procedure  used  to  calculate  a  cumulative  distribution 
function  associated  with  a  group  of  outcomes  for  a  particular  category. 
Each  category  consisted  of  one  of  eight  wheat  quality  conditions  for 
one  of  four  treatment  strategies  within  one  of  four  sample  times.   The 
category  selected  for  this  example  was  minimum/no  treatment  strategy, 
wheat  at  a  test  weight  greater  than  58,  and  the  September  sample 
period. 

Combination  of  Data  Sets: 

The  farm  data  with  information  on  treatments  and  insect  numbers 
were  combined  with  the  elevator  data  which  had  information  on  insect 
numbers,  wheat  quality,  and  discounts.   In  order  to  combine  data  sets, 
a  common  variable  was  used.   In  this  case,  the  common  variable  used  was 
insect  categories  because  the  same  insect  categories  were  used  in  both 
data  sets. 

The  first  step  in  combining  the  data  sets  was  to  multiply  the 
probabilities  of  receiving  the  different  discounts  given  0  insects  and 
test  weight  greater  than  58  by  the  probability  of  getting  0  insects 
given  the  September  sample  time  and  using  minimum/no  treatment 
strategy.   Table  3.3  illustrates  this  procedure  where  the  final  product 
is  the  probability  of  receiving  different  discounts  given  0  insects, 
using  minimum/no  treatment  strategy  and  test  weight  greater  than  58 
during  the  September  sample  time.   This  procedure  was  used  to  calculate 
probabilities  for  each  category  of  insects  for  each  treatment  strat 
wheat  quality  condition,  and  sample  time. 
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Table  3.3:   Combination  of  Data  When  Minimum/No  Treatment 
Strategy  was  Used,  Test  Weight  was  Greater 
Than  58  and  0  Insects  were  Found. 

Probabilities  Combined 

Discounts   from  Elevator  Data         Probabilities     Discounts 


$0,000 

67.27 

6.40 

$0,000 

0.005 

13.94 

1.33 

0.005 

0.010 

10.30 

0.98 

0.010 

0.020 

1.82 

0.17 

0.020 

0.030 

1.21 

0.12 

0.030 

0.050 

2.42 

0.23 

0.050 

0.060 

0.61 

*  15.79/100 

0.06 

0.060 

0.070 

2.42 

0.23 

0.070 

0.080 

0.00 

Probability  of  0 

0.00 

0.080 

0.090 

0.00 

insects  from 

0.00 

0.090 

0.100 

0.00 

farm  data 

0.00 

0.100 

0.185 

0.00 

0.00 

0.185 

0.190 

0.00 

0.00 

0.190 

The  probabilities  for  each  column  of  insect  categories  were  then 
cumulated  and  sorted  from  small  to  large  according  to  the  net  incomes. 
The  net  incomes  were  calculated  by  taking  the  November  cash  price  of 
$2.48  and  subtracting  the  discount.   If  costs  were  incurred  for  using  a 
particular  treatment  strategy,  then  they  were  subtracted  from  the  cash 
price . 

The  probabilities  were  then  added  across  the  rows  to  get  a  total 
probability  for  a  given  discount  size.   The  total  probabilities  column 
is  better  known  as  the  cumulative  distribution  function  for  a  given  set 
of  outcomes  within  a  certain  category.   This  is  basically  the 
probability  of  receiving  a  discount  given  the  minimum/no  treatment 
strategy  when  test  weight  was  greater  than  58  for  the  September  sample 
time.   Table  3.4  illustrates  the  calculations  discussed  above. 


28 


Table  3.4:   Probabilities  Calculated  for  a  Given  Set  of 

Criterions:   Test  Weight  was  Greater  Than  58 
and  Using  Minimum/No  Treatment  Strategy 
During  the  September  Sample  Period. 


iTotal  1 

Inc."4  & 

Net  Inc.  & 

Disc.1! 

I2  =  o 1 0 

<  I  < 

M1 

<  I  <  5 

I  >  5 

|prob.3| 

Disc  . 

Chem.D  Costs 

$0,190 

0.00 

1.56 

0.00 

0.00 

1.56 

2.29 

$2.29 

$0,185 

0.00 

1.56 

0.00 

1.58 

3.14 

2.295 

$2.30 

$0,100 

0.00 

3.12 

0.00 

6.32 

9.44 

2.38 

$2.38 

$0,090 

0.00 

3.12 

2.39 

6.32 

11.83 

2.39 

$2.39 

$0,080 

0.00 

4.68 

2.39 

7.90 

14.97 

2.40 

$2.40 

$0,070 

0.38 

4.68 

7.17 

9.48 

21.71 

2.41 

$2.41 

$0,060 

0.48 

4.68 

7.17 

9.48 

21.81 

2.42 

$2.42 

$0,050 

0.86 

4.68 

9.56 

9.48 

24.58 

2.43 

$2.43 

$0,030 

1.05 

4.68 

9.56 

11.06 

26.35 

2.45 

$2.45 

$0,020 

1.34 

4.68 

9.56 

11.06 

26.64 

2.46 

$2.46 

$0,010 

2.97 

6.24 

9.56 

11.06 

29.83 

2.47 

$2.47 

$0,005 

5.17 

12.46 

14.34 

14.22 

46.19 

2.475 

$2.48 

$0,000 

15.79 

34.22 

26.30 

23.69 

100.00 

2.48 

$2.48 

1   Disc.  -  Discounts 

2   I 

-  Number  of 

Insects 

3   Prob .  =  Probabilities 

4   Inc 

-  Income 

5   Che 

m.  =  Chemical 

In  this  analysis  for  each  of  the  sample  periods  analyzed,  the  same 
cash  price  of  $2.48  was  used.   Since  this  analysis  compared  discounts 
received  by  the  producers  for  different  treatments  at  a  given  marketing 
point  (i.e.,  September,  November,  January,  or  March),  the  cash  price 
was  really  immaterial.   The  number  used  as  the  cash  price  had  no 
influence  on  the  selection  of  treatment  strategy.   Basically,  the  cash 
price   could  be  higher  or  lower  than  $2.48  and  the  treatment  decision 
would  be  the  same  because  it  depends   l  the  discounts  received  for  each 
treatment . 

Table  3.5  shows  the  cumulative  distribution  functions  calculated 
using  the  above  procedure  associated  with  a  set  of  outcomes  for  each 
treatment  strategy  within  a  specific  category. 
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Table  3.5:   Probabilities  of  Receiving  a  Discount 

Different  Treatment  Strategies  During  the  September 
Sample  Period  when  Test  Weight  was  Greater  than  58. 


Net       No       Protectant 
Income   Treatment    Malathion 


1.14 


$2.27 

$2.28 

$2.29 

1 

56 

$2.30 

3 

.14 

$2.36 

$2.37 

$2.38 

9 

... 

$2.39 

11 

83 

$2.40 

14. 

,9  ' 

$2.41 

21 

n 

$2.42 

21 

si 

$2.43 

24. 

58 

$2.44 

$2.45 

26 

3  5 

$2.46 

26. 

64 

$2.47 

29, 

83 

$2.48 

100. 

00 

5 

hi 

7 

.88 

9 

85 

16 

U 

16 

37 

19 

55 

20 

21 

,51 

26 

.51 

100 

00 

Protectant 

Methyl1 

1 

14 

1 

,97 

5 

.61 

7 

.88 

9 

.85 

16 

.14 

16 

.37 

19 

.55 

20 

.83 

21 

.51 

26 

.51 

100 

.00 

Fumignt  ion 

1 

.65 

2 

.86 

8 

.15 

11 

.46 

14 

.32 

22 

.36 

22 

.42 

25 

.95 

27 

.27 

27 

.44 

30 

.03 

100 

.00 

1   Methyl  -  Chlorpyrifos-methyl 

Overall,  a  total  of  128  data  sets  were  calculated  for  this  study. 
These  data  sets  were  combined  into  32  data  sets  which  included  the 
probabilities  of  receiving  a  discount  within  a  given  category.   These 
probabilities  and  outcomes  were  used  for  the  pair-wise  comparisons 
between  treatments  necessary  for  selection  by  stochastic  dominance 
criteria. 
Stochastic  Dominance  Criterion: 

In  chapter  2,  it  was  shown  that  second  degree  stochastic  dominance 
criterion  (SSD)  is  one  method  used  in  determining  which  strategy  or 
practice  is  most  efficient  or,  at  least,  included  in  the  most  efficient 
set  of  strategies.   A  common  method  used  to  examine  the  cumulative 
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distribution  functions  and  to  select  the  dominant  treatment  strategy  is 
graphical  analysis. 

This  method  essentially  takes  the  cumulative  distribution 
functions  (CDFs)  calculated  previously  and  plots  them  on  a  graph  with 
probabilities  designated  along  the  y-axis  and  outcomes  designated  along 
the  x-axis.   This  enables  the  analyst  to  examine  the  CDFs  regarding  the 
probability  of  receiving  a  discount  from  the  $2.48  quoted  cash  price. 
Figure  3.1  illustrates  a  0.75  probability  of  receiving  a  net  income 
that  is  less  than  $2.42  when  using  minimum/no  treatment  during 
September  when  the  test  weight  was  greater  than  58.   Also,  there  is  a 
0.25  probability  of  receiving  a  net  income  below  $2.36  under  the  same 
category.   Even  though  these  are  hypothetical  figures,  the  same 
conclusions  are  achieved  when  the  actual  data  is  used. 


Figure  3.1:   Graphical  Analysis  of  Cumulative  Distribution 
Functions 

lini/No  Treatment 
1.0 


.75 
Cumulative 
Distribution 

.50 


2  5 


$2.36    $2.42   $2.48 
Outcomes 
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By  plotting  two  cumulative  distribution  functions  on  a 
decision  can  be  made  based  upon  the  area  under  the  CDF.   The  strategy 
with  the  smaller  area  along  the  entire  function  is  considered  donll 
and  remains  in  the  efficient  set. 

However,  the  graphical  analysis  is  somewhat  limited  in  its 
accuracy,  especially  when  two  cumulative  distribution  functions  being 
compared  have  probabilities  that  are  very  close.   In  other  words,  it  is 
very  difficult  to  select  the  strategy  that  would  remain  in  the 
efficient  set  when  the  areas  under  the  CDFs  are  indistinguishable. 

A  more  precise  procedure  to  more  accurately  select  the  strategy 
that  follows  the  guidelines  of  stochastic  dominance  criterion  is  a 
mathematical  method.   Given  the  formula  below,  a  pair-wise  comparison 
was  made  for  each  treatment  strategy  under  each  wheat  quality  category 
for  each  sample  time. 

P- co      F(y)dy  <  J7 .„  G(y)dy,  for  all  values  of  y. 

This  formula  provided  a  means  to  measure  the  area  under  each 
cumulative  distribution  function.   Basically,  at  each  point  the  area 
under  strategy  F  was  compared  to  the  area  under  strategy  G.   If  the 
area  under  strategy  F  was  less  than  or  equal  to  the  area  under  strategy 
G,  then  strategy  G  was  eliminated  from  the  efficient  set.   However, 
many  times  the  area  changed  at  one  or  more  points  along  the  CDF,  where 
the  area  under  strategy  F  was  larger  than  the  area  under  strategy  G. 
In  this  case,  neither  strategy  dominated  the  other.   Therefore,  both 
strategy  F  and  strategy  G  remained  in  the  efficient  set  as  long  as  one 
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or  the  other  was  not  dominated  by  any  other  strategy  being  compared 
under  different  comparisons  within  a  particular  category. 

The  following  example  will  help  explain  how  the  areas  were 
calculated  and  analyzed  in  order  to  determine  which  strategy  dominated 
for  the  particular  analysis.    Table  3.6  shows  the  results  from  the 
stochastic  dominance  criterion  pair-wise  comparison  of  two  treatment 
strategies  during  the  September  sample  period  when  test  weight  was 
greater  than  58. 


Table  3.6:   Stochastic  Dominance  Criterion  Pair-Wise 
Comparison  Between  Minimum/No  Treatment 
and  Grain  Protectant  -  Malathion 

Given:  The  Sample  Period  of  September 

and  Test  Weight  was  Greater  than  58 


Prob.  of  Prob.  of  No  Trt 


Mala 


OUTCOMES   No  Trt 


Malaz   AREA  =  A  AREA 


a-: 


$2.27 

0.00 

0.00 

0 

0 

0 

$2.28 

0.00 

0.00 

0 

0 

0 

$2.29 

1.56 

1.14 

0 

0 

0 

$2.30 

3.14 

1.14 

0.003 

0.002 

0.001 

$2.36 

3.14 

1.14 

0.218 

0.080 

0.138 

$2.37 

3.14 

1.14 

0.249 

0.091 

0.158 

$2.38 

9.44 

5.61 

0.280 

0.103 

0.178 

$2.39 

11.83 

7.88 

0.375 

0.159 

0.216 

$2.40 

14.97 

9.85 

0.493 

0.238 

0.255 

$2.41 

21.71 

16.14 

0.643 

0.336 

0.307 

$2.42 

21.81 

16.37 

0.806 

0.457 

0.348 

$2.43 

24.58 

19.55 

1.078 

0.662 

0.416 

$2.44 

24.58 

19.55 

1.324 

0.857 

0.467 

$2.45 

26.35 

20.83 

1.570 

1.053 

0.517 

$2.46 

26.64 

21.51 

1.833 

1.261 

0.572 

$2.47 

29.83 

26.51 

2.095 

1.472 

0.623 

$2.48 

100.00 

100.00 

2.145 

1.517 

0.628 

1  No  Trt  -  Minimum/No  Treatment  strategy 

2  Mala  -  Grain  Protectant  -  Malathion  Treatment  strategy 
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The  outcomes  or  net  incomes  the  producer  receives  for  his  stored 
grain  is  shown  in  column  1.   At  several  points  along  the  set  of 
outcomes,  the  probabilities  were  constant.   In  order  for  the  pair-wise 
comparison  to  be  done  when  each  category  has  its  own  set  of  outcomes, 
the  outcomes  must  be  combined.   In  several  cases  the  same  outcome  did 
not  exist  for  both  treatment  strategies.   Therefore,  the  probability 
remained  constant  over  those  outcomes  until  the  probability  changed 
within  the  treatment  strategy. 

Column  2  and  column  3  show  the  cumulative  distribution  functions 
for  minimum/no  treatment  and  grain  protectant  -  malathion  treatment, 
respectively.   The  fourth  and  fifth  columns  are  the  measurement  of  the 
areas  under  the  CDFs .   The  area  is  calculated  as  the  width  times  the 
height,  that  is,  the  change  in  outcome  times  the  probability.   This 
area  was  added  to  the  previous  area  calculated.   This  was  done  for  each 
treatment  strategy  and  wheat  quality  condition  within  a  specific  sample 
time . 

The  final  column  is  the  area  calculated  in  column  four  minus  the 
area  calculated  in  column  five.   If  this  column  contains  all  positive 
numbers,  then  the  treatment  strategy  in  column  five  is  dominant  and 
remains  in  the  efficient  set.   On  the  other  hand,  if  the  final  column 
contains  all  negative  numbers,  then  the  treatment  strategy  in  column 
four  is  dominant,  and  therefore  remains  in  the  efficient  set.   However, 
if  the  column  contains  both  positive  and  negative  numbers,  then  both 
treatment  strategies  remain  in  the  efficient  set.   In  this  example,  the 
final  column  contains  all  positive  numbers.   Therefore,  the  grain 
protectant  -  malathion  treatment  strategy  is  dominant  and  remains  in 
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the  efficient  set.   This  procedure  was  conducted  for  every  treatment 
strategy  within  each  category. 

Overall,  this  decision  making  tool  compares  and  evaluates  each 

treatment  strategy  in  order  to  select  the  strategies  that  are 

efficient  or  dominant  assuming  that  the  producer  was  risk  averse. 
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CHAPTER  4 
RESULTS  AND  IMPLICATIONS 

This  chapter  describes  different  pest  control  strategies  and 
analyzes  the  outcomes  of  grain  management  strategies  using  a  stoc). 
dominance  criteria.   It  identifies  the  efficient  set  of  treatment 
strategy(s)  that  would  be  preferred  for  a  risk  averse  individual.   Tin- 
analysis  is  also  applied  to  different  wheat  qualities  so  that  an 
appropriate  treatment  strategy  can  be  identified  when  the  stored  grain 
is  of  a  certain  quality. 

The  next  section  describes  the  different  pest  control  practices 
used  by  producers  in  Kansas  and  the  risks  involved  if  a  certain 
pesticide  is  used. 

Pest  Control  Practices 

Today,  many  varieties  of  pesticides  are  on  the  market.   However, 
the  selection  of  pesticides  for  use  in  grain  bins  and  elevators  has 
been  fairly  limited  because  of  the  Environmental  Protection  Agency 
(EPA)  and  Food  and  Drug  Administration  (FDA)  regulations.   Only  a  few 
different  chemicals  are  available  to  control  stored  grain  insects. 
Since  grain  protectants  (raalathion  and  chlorpyrifos -methyl )  and 
fumigants  were  the  most  commonly  used,  this  study  focused  upon  the 
wheat  producer's  decision  to  use  one  or  all  of  the  these  products. 

Nearly  all  respondents  from  the  initial  survey  indicated  that  they 
accomplished  the  less  expensive,  general  sanitation  practices  such  as 
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cleaning  the  storage  structure,  spraying  with  insecticide  before  adding 
new  wheat  and  removing  spills  from  around  the  bin  and  in  the  auger. 
Table  4.1  shows  the  different  methods  used  to  keep  the  infestation 
level  down  and  the  percentage  of  producers  who  used  these  methods. 


Table  4.1:   Percentage  of  Producers  that  Used  Different 
Pest  Management  Techniques. 


Percent 

96 

.5 

78 

.8 

10 

.0 

2 

.4 

53 

.5 

27 

.6 

53 

.5 

75 

.9 

28 

.8 

27 

.1 

Method 

Empty  and  sweep  bins  before  filling 

Treat  bins  with  insecticide  before  filling 

Use  grain  spreader  when  filling 

Clean  wheat  before  storing 

Apply  protectant  to  wheat  when  filling 

Apply  protectant  to  wheat  surface  after  filling 

Level  wheat  after  filling 

Remove  spills  around  bin  and  debris  from  auger 

Use  insecticide  strips  above  grain  or  in  door 

Fumigate  wheat  as  a  precautionary  measure 


Four  simplified  pest  control  practices  were  identified  from  the 
above  results: 

(1)  Minimum  Treatment  -  may  consist  of  bin  cleaning  and  surface 

spraying,  but  does  not  include  a  chemical 
treatment  to  the  grain. 

(2)  Grain  Protectant  Treatment  -  consists  of  the  minimum  treatment 

plus  the  application  of  a  grain 
protectant  during  bin  filling. 

(3)  Fumigation  Treatment  -  consists  of  the  minimum  treatment  and  a 

preventive  fumigation  even  if  no 
significant  insect  infestation  is 
observed. 

(4)  Grain  Protectant  and  Fumigation  Treatments  -  a  combination  of 

all  treatments. 


From  the  actual  sampling  of  the  bins,  the  percentage  of  producers 
using  the  four  pest  control  practices  are  shown  in  Table  U.2.      Since 
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only  one  producer  used  strategy  4,  the  grain  protectant  .. 
strategy,  this  strategy  was  not  included  in  the  analysis. 


Table  4.2:   Percentage  of  Producers  Using  the  Four  Basic  Pest 
Control  Practices  Identified  By  On-Farm  Sampling. 


Pest  Control  Practices  Percentage 

Minimum  Treatment  46.4 

Grain  Protectant  15.6 

Fumigation  37.4 

Protectant  and  Fumigation  0.6 


Grain  protectants  are  products  designed  to  be  admixed  with  insect 
free  grain  entering  storage.   Most  labels  advocate  application  of  grain 
protectants  to  the  grain  as  it  is  entering  the  auger.   Some  grain 
protectants  may  also  be  used  as  bin  wall  sprays. 

Grain  protectants  are  designed  to  retain  insect-toxic  properties 
for  extended  intervals.   They  are  most  appropriately  used  where  new 
summer  harvested  grains  are  stored  or  where  fall -harvested  grains  are 
stored  through  the  warmer  portion  of  the  next  summer.   They  should  not 
be  applied  before  high  temperature  drying  or  to  hot  grain,  if  long  term 
protection  is  desired.   Overall,  the  use  of  grain  protectants  should 
not  be  considered  a  substitute  for  continued  thorough  and  frequent 
inspection  of  grain. 

Fumigation  is  reserved  for  stopping  infestations  that  are  known  to 
exist  and  appear  to  be  capable  of  causing  economic  loss.   Once 
infestation  is  detected,  a  fumigant  should  be  applied.   Fumigants 
penetrate  into  infested  kernels  and  should  eliminate  all  life  stages  if 
applied  properly.   However,  fumigants  do  not  provide  residual 
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protection,  so  reinfestation  can  occur  immediately  after  gas 
concentrations  drop  below  lethal  levels.   All  legal  fumigants  are 
"restricted  use"  products  requiring  state  certification  of  the  user. 

Results  and  Discussion 

This  section  discusses  results  from  the  elevator  study,  farm 
analysis  survey,  and  from  analysis  of  the  decision  problem  using 
stochastic  dominance. 
Elevator  Study: 

In  the  elevator  study,  six  terminal  elevators  and  five  country 
elevators  participated  in  the  sampling.   From  the  465  samples  taken, 
271  (58.3%)  received  a  discount  and  194  (41.7%)  did  not  receive  a 
discount.   The  mean  discount  was  4.5  cents  per  bushel  over  the  entire 
sample  period. 

The  Federal  Grain  Inspection  Service  (FGIS)  sets  official  grading 
standards.   For  wheat  to  be  graded  U.S.  number  one,  hard  red  winter 
wheat,  it  must  meet  the  following  criteria: 


Test  weight  should  not  be  less  than  58 

Damaged  kernels  should  not  be  greater  than  2.0% 

Dockage  or  non-grain  substances  should  not  be  greater 

than  0.5% 
Shrunken  and  broken  should  not  be  greater  than  3.0% 


Depending  upon  the  type  of  insects  identified  when  the  wheat 
sample  was  examined,  the  official  grade  could  have  been  affected  when 
two  or  more  live  weevils  were  found  in  the  sample  or  when  more  than  one 
live  weevil  and  more  than  five  other  live  insects  (OLI)  are  idem . 
For  this  analysis,  insect  counts  from  the  samples  were  combined 
(weevils  and  OLI).   Data  indicated  that,  even  though  a  sample  did 
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have  Insects,  the  producer  had  a  56.81  chance  of  receiving  a  discount 
However,  if  two  or  more  insects  were  found  in  the  sample,  then  the 
producer  had  at  least  a  65. 3Z  chance  of  receiving  a  discount.   Table 
4.3  shows  the  probability  of  receiving  a  discount  under  the  four 
different  insect  categories. 


Table  4.3:   Probability  of  Receiving  or  Not  Receiving  a 
Discount  Depending  Upon  the  Insect  Number 


Insect  Number 

D 

iscount 

No 

Discount 

0  insects 

56.8 

43.2 

0  <  insects  <  1 

56.8 

43.2 

1  <  insects  <  5 

65.2 

34.8 

insects  >  5 

75.7 

24.3 

As  can  be  expected,  when  the  insect  counts  increased,  the 
probability  of  receiving  a  discount  increased  and  the  probability  of 
not  receiving  a  discount  decreased. 

This  trend  can  also  be  seen  when  wheat  quality  factors  are 
examined.   As  the  quality  of  wheat  diminishes,  discounts  are  more 
likely  to  be  given  (Table  4.4). 

Even  though  in  the  elevator  study,  lot  size  was  not  significantly 
associated  (p  <  0.05)  with  the  probability  of  receiving  a  discount, 
Reed  (1986)  reported  that  the  lot  size  did  appear  to  influence  whether 
price  was  discounted  because  of  quality  factors.   In  this  study,  the 
probability  of  receiving  a  discount  for  a  lot  size  less  than  250 
bushels  was  552  while  it  was  57. 4Z  when  the  lot  size  was  750  bushels  or 
greater.   If  the  lot  size  was  between  250  and  750  bushels  the 
likelihood  of  receiving  a  discount  was  higher  (61. 5X). 
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Table  4.4:   Probability  of  Receiving  a  Discount  Based  on 
Wheat  Quality  Factors  -  Test  Weight,  Moisture 
Content,  Dockage,  and  Damaged  Kernels. 


Wheat  Quality  Factor  Percent 

Test  Weight: 

less  than  or  equal  to  56  79.5 
greater  than  56  and  less  than  or 

equal  to  58  76.6 

greater  than  58  41.4 

Moisture  Content: 

less  than  or  equal  to  10  44.9 

greater  than  10  and  less  than  or 

equal  to  11  59.4 

greater  than  11  and  less  than  or 

equal  to  12 
greater  than  12 

Dockage : 

0  to  0.5 

0.6  to  0.9 

greater  than  or  equal  to  1.0 

Damaged  Kernels: 

0  damaged  kernels 

1  to  2 
3  to  10 
greater  than  10 


This  tendency  is  consistent  with  the  information  supplied  by  the 
elevator  operators  relative  to  how  deteriorated  wheat  is  handled. 
Small  quantities  of  deteriorated  wheat  may  be  blended  with  wheat  of 
higher  quality  in  such  a  way  that  the  elevator  suffers  no  price 
reduction  when  the  wheat  is  resold.   On  the  other  hand,  larger  lots  of 
wheat  would  be  more  difficult  to  blend  for  resale  and  additional  cost 
to  the  elevator  for  fumigation  and  cleaning  would  be  assumed. 
Farm  Analysis  Results: 

In  the  farm  analysis,  treatment  strategies  associated  with  Li 
counts  were  used.   When  looking  at  different  time  periods,  Che 

41 


58 

.5 

74 

.4 

55 

.0 

63 

.0 

76 

.0 

58 

.2 

51 

.3 

5  3 

.5 

75 

.0 

likelihood  of  infestation  using  three  general  treatment  strategic 
shown  in  Table  4.5. 


Table  4.5:   Probability  of  Having  Insects  Using  Different 
Treatment  Strategies  during  Four  Time  Periods 


September  Sample  Time 
No  Treatment 
Grain  Protectant 
Fumigation 

November  Sample  Time: 
No  Treatment 
Grain  Protectant 
Fumigation 

January  Sample  Time: 
No  Treatment 
Grain  Protectant 
Fumigation 

March  Sample  Time: 
No  Treatment 
Grain  Protectant 
Fumigation 


Insect  development  and  reproduction  is  adversely  affected  when 
grain  temperatures  decline.   Many  insects  die  from  starvation  because 
they  are  unable  to  remain  active  and  feed  at  low  temperatures.   When 
the  outside  air  becomes  cooler,  the  grain  inside  the  bin  becomes 
cooler.   So,  as  the  colder  months  approach,  insect  activity  lessens. 
Also,  if  aeration  equipment  is  used,  grain  can  be  cooled  by  circulating 
the  cool  outside  air  into  the  bin  and  removing  the  heat  from  the  grain. 

Throughout  the  sample  period  (July  through  March),  grain  was 
moved  out  of  farm  storage.   At  the  beginning  of  this  study,  79  bins 
were  regularly  sampled.   By  March,  only  18  bins  were  sampled  from  the 
original  sample  set.   In  fact,  from  September  to  November,  the  number 
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of  bins  sampled  dropped  by  almost  30  (37%)  ,  because  producers  needed 
the  on- farm  storage  space  for  fall  harvested  grain. 

Finally,  in  order  to  make  the  analysis  complete,  an  income  figure 
was  calculated.   This  income  figure  was  used  to  determine  the  amount  of 
risk  the  wheat  producer  was  willing  to  take  to  reduce  the  likelihood  of 
receiving  a  lower  income  because  of  discounts  in  cash  price.   Ideally, 
economic  profit  for  net  returns  should  have  been  used.   In  this 
analysis,  the  income  figure  (net  income)  was  calculated  for  each 
probability  by  taking  the  November  cash  price  per  bushel  of  $2.48  minus 
the  discount,  minus  the  cost  of  the  treatment  strategy  used.   Of 
course,  for  the  minimum  treatment/no  treatment  strategy,  chemical  cost 
was  not  incurred.   This  is  illustrated  in  the  following  equation: 
$2.48  -  $/bu.  discount  -  $/bu.  treatment  strategy  used. 

Various  costs  for  the  chemical  treatments  were  gathered  by 

interviewing  several  elevator  operators,  cooperatives,  and  agricultural 

services  in  the  grain  sampling  area,  who  either  used  or  sold  the  stored 

grain  chemicals.   Application  costs  were  then  computed  based  on  mean 

chemical  costs  and  mean  recommended  dosage  per  1000  bushels.   For  grain 

protectants,  a  dilution  rate  of  3.5  gallons  of  water  per  1000  bushels 

were  assumed.   The  cost  of  the  application  was  reduced  to  reflect  the 

value  of  the  water  added,  assuming  that  all  was  absorbed.   The  costs  of 

each  chemical  were  then  calculated  into  costs  per  bushel.   These  costs 

are  the  following: 

Malathion  grain  protectant  -  0.17  cents  per  bushel 
Chlorpyrifos -methyl  grain  protectant  -  1.65  cents  per  bushel 
Fumigation  -  0.9  cents  per  bushel. 

These  costs,  however,  do  not  reflect  custom  application  costs. 
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Use  of  the  Stochastic  Dominance  Criteria: 

Stochastic  dominance  involves  pair-wise  comparisons.   In  order  to 
do  pair-wise  comparisons,  cumulative  distribution  functions  (CDF) 
calculated  for  each  treatment. 

Two  main  stochastic  dominance  criterions  can  be  used  to 
the  best  or  most  efficient  strategy.   First  degree  stochastic  dominance 
(FSD)  is  the  easiest  criteria  to  use  and  holds  for  most  decision 
makers.   However,  its  usefulness  is  somewhat  limited,  since  few  of 
choices  are  eliminated  from  the  efficient  set.   In  fact,  none  of  the 
treatments  would  be  eliminated  from  the  efficient  set,  (one  strategy 
would  not  dominate),  if  FDS  was  used  in  this  analysis.   Therefore, 
second  degree  stochastic  dominance  was  used. 

Second  degree  stochastic  dominance  (SSD) ,  is  widely  used  as  an 
efficiency  criterion.   It  holds  for  all  decision  makers  whose  uti. 
functions  have  a  positive  non- increasing  slope  at  all  outcome  levels. 
In  other  words,  decision  makers  are  assumed  to  be  risk  averse. 

Risk  averse  individuals  are  generally  characterized  as  more 
cautious  individuals  who  prefer  less  risky  sources  of  income  and 
investment.   Anderson  et  al.  (1977)  noted  that  empirical  evidence 
suggest  that  most  decision  makers  are  risk  averse. 

When  deciding  upon  which  strategy  should  remain  in  the  efficient 
set,  the  areas  under  the  CDFs  were  analyzed.   Basically,  when  the 
under  strategy  A  was  less  than  or  equal  to  the  area  under  strategy  B 
for  the  entire  range,  strategy  A  would  dominate  strategy  B  and  strategy 
B  would  be  eliminated  from  the  efficient  set.   On  the  other  hand,  if  at 
any  point  the  area  under  strategy  A  was  greater  than  the  area  under 


strategy  B,  then  neither  strategy  dominates  the  other  and  therefore, 
both  strategies  remain  in  the  efficient  set.   But,  if  more  than  two 
strategies  are  being  compared  and  strategy  A  becomes  dominated  by 
strategy  C,  then  strategy  A  is  eliminated  from  the  efficient  set. 

Also,  two  necessary  but  not  sufficient  conditions  must  hold  for  a 
strategy  to  be  selected  in  the  efficient  set  using  second  degree 
stochastic  dominance.   They  are  as  follows: 

1.  the  lowest  must  not  be  lower 

2.  the  average  must  not  be  lower 

The  efficient  set  consists  of  all  the  strategies  that  will  reduce 
the  wheat  producers  likelihood  of  receiving  a  very  low  cash  price  for 
his  grain  when  brought  to  market.   Several  strategies  may  fall  into  an 
efficient  set.   This  indicates  that  more  than  one  strategy  could  be 
used  to  maintain  the  quality  of  grain  affected  by  infestation  and  at 
the  same  time  protect  the  producer  against  a  lower  cash  price  when  the 
grain  is  marketed. 
Results  from  Stochastic  Dominance  Analysis: 

Since  a  producer  prefers  a  treatment  strategy  that  would  limit  the 
risk  but  at  the  same  time  control  the  problem  without  decreasing  his 
income,  the  chlorpyrifos -methyl  grain  protectant  would  not  be  the  best 
choice.   Not  only  did  it  not  appear  in  the  efficient  sets,  but  it  was 
the  most  costly  to  use.   Therefore,  grain  protectant  -  malathion  will 
be  the  general  grain  protectant  used  in  this  analysis. 

By  using  the  sample  times  as  a  criteria  for  selection,  a  more 
accurate  decision  can  be  made  regarding  when  to  apply  treatments  for 
best  results  and  reduction  in  the  probability  of  receiving  a  discount 
because  of  infestation.   Furthermore,  depending  upon  how  long  the  wheat 
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producer  decides  to  store  his  grain,  time  may  influence  his  decision 
regarding  the  type  of  treatment  strategy  to  use.   As  indicated  before, 
some  producers  move  their  grain  between  September  and  November  to 
room  for  the  fall  harvested  grains. 

Also,  most  producers  store  their  grain  under  loan.   This  loan 
could  either  be  a  nine-month  storage  loan  or  a  three  year  loan  cal 
the  "farmer  owned  reserve"  (FOR).   The  major  objectives  of  the  FOR 
to  assure  adequate  supplies  of  farm  commodities  and  to  reduce 
variability  of  market  price  and  income. 

If  the  producer  acquires  a  loan  in  July,  the  nine-month  loan  will 
mature  in  March.   However,  the  producer  has  the  option  to  either  sell 
the  grain  at  that  time  or  request  to  have  his  grain  put  into  the  : 
owned  reserve.   If  the  producer  decides  to  put  his  grain  in  the  FOR  and 
the  grain  is  not  substituted  by  newly  harvested  grain,  then  this 
commodity  could  be  in  storage  for  an  estimated  three  or  more  years. 
With  this  in  mind,  maintaining  the  quality  of  the  grain,  which  is  one 
of  the  criterions  for  keeping  the  loan,  could  be  a  challenge.   If  the 
quality  starts  to  deteriorate,  then  the  producer  has  the  option  to 
either  rotate  or  substitute  the  grain. 

Time  is  an  important  factor  in  deciding  what  treatment  strategy 
would  reduce  the  risk  of  receiving  a  lower  net  income  when  using  the 
loan  program  or  moving  the  grain  to  make  room  for  other  seasonal  grain. 

Summarization  of  results  from  the  Stochastic  Dominance  Analysis  is 
shown  in  Table  4.6.   The  "x"  under  each  treatment  strategy  denotes  Che 
strategy  that  was  dominant  for  a  certain  wheat  quality  category  and 
during  a  specific  period  of  time. 
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Table  4.6:   Second  Degree  Stochastic  Dominance  Criterion 
Efficient  Sets  for  Different  Time  Periods 

Treatment  Strategy  Used 


Time 
Period 


No      Grain  Protectant 
Treatment     -  Malathion      Fumigation 


September 


No 

Quality 

TW 

< 

56 

56 

< 

TW 

< 

53 

TW 

> 

58 

MC 

< 

10 

10 

< 

MC 

< 

11 

11 

< 

MC 

< 

12 

MC 

> 

12 

November 

No 

Quali 

■ty 

TW 

< 

56 

56 

< 

TW 

< 

58 

TW 

> 

58 

MC 

< 

10 

10 

< 

MC 

< 

11 

11 

< 

MC 

< 

12 

MC 

> 

12 

January 


No  Quality 

X 

TW  <  56 

X 

56  <  TW  <  58 

X 

TW  >  58 

X 

MC  <  10 

10  <  MC  <  11 

X 

11  <  MC  <  12 

X 

MC  >  12 

X 

March 


No  Quality 

TW  <  56 

X 

56  <  TW  <  58 

TW  >  58 

MC  <  10 

X 

10  <  MC  <  11 

X 

11  <  MC  <  12 

X 

MC  >  12 
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Since  the  July  sample  period  did  not  include  questions  regarding 
the  type  of  treatment  used  on  the  producer's  stored  grain,  the 
started  with  the  September  sample  period. 

treatment,  21.  IX  used  a  grain  protectant  on  the  grain,  and  28. 9%   used  a 
fumigant . 

Grain  protectant  -  malathion  was  the  only  treatment  strategy 
considered  to  be  in  the  efficient  set  in  every  category  except  win 
wheat  had  a  moisture  content  less  than  or  equal  to  10  percent.   Minimum 
treatment  strategy  remained  in  the  efficient  set  when  wheat  had  a 
moisture  content  of  less  than  or  equal  to  10  percent.   When  moisture 
content  was  between  10  and  11  percent,  no  treatment,  grain  protectant  - 
malathion,  and  fumigation,  were  considered  to  be  non-determinant  and 
therefore,  all  three  strategies  remained  in  the  efficient  set.   In 
other  words,  one  strategy  did  not  dominant  another  strategy  in  the 
comparisons . 

It  needs  to  be  noted  that  fumigation  is  not  recommended  for 
application  until  later  in  the  storage  period  which  may  explain  why 
this  strategy  did  not  remain  in  the  efficient  set  in  more  categories 
during  the  September  sample  period.   Producers  may  have  used  a  fumigant 
after  the  sampling  took  place  in  September,  thus  the  treatment  may  not 
have  effectively  controlled  insects  in  the  stored  grain  since  it  had 
not  yet  been  applied. 

The  November  sample  period  had  48  bins  in  the  sample;  where  43.  8X 
of  the  producers  used  no  treatment,  14.  6Z  used  some  type  of  grain 
protectant,  and  41.61  used  fumigation.   The  increase  in  fumigation  use 
is  possibly  due  to  the  awareness  of  insect  activity. 
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From  the  analysis,  it  was  found  that  the  no  treatment  strategy 
remained  in  the  efficient  set  when  moisture  content  was  less  than  or 
equal  to  10  percent  and  when  moisture  content  was  greater  than  12 
percent.   In  fact,  no  treatment,  grain  protectant  -  malathion  and 
fumigation  were  all  in  the  efficient  set  in  all  other  categories 
including  no  quality  specifications. 

Only  36  bins  were  sampled  during  January.   It  was  found  that  44.5% 
of  the  producers  used  no  treatment,  11.0%  of  the  producers  used  a  type 
of  grain  protectant,  and  44.5%  of  the  producers  used  fumigation. 

There  is  less  insect  activity  during  the  colder  months  of 
December,  January  and  February.   This  is  due  to  the  fact  that  insects 
thrive  in  a  warm,  moist  environment  favorable  to  their  activities, 
i.e.,  70  to  90°F  and  greater  than  12  percent  moisture  content. 

Based  upon  the  stochastic  dominance  criterion,  it  was  concluded 
that  the  no  treatment  strategy  would  remain  in  the  efficient  set  when 
moisture  content  was  greater  than  12  percent.   On  the  other  hand,  grain 
protectant  -  malathion  was  dominant  over  the  other  treatment  strategies 
when  the  moisture  content  was  less  than  or  equal  to  10  percent.   No 
treatment,  grain  protectant  -  malathion,  and  fumigation  were  considered 
to  be  efficient  in  three  areas:   No  quality  considered,  test  weight 
less  than  or  equal  to  56  and  moisture  content  between  10  and  11 
percent.   However,  no  treatment  and  grain  protectant  -  malathion  were 
efficient  when  wheat  quality  was  the  following:   test  weight  between  56 
and  58,  test  weight  greater  than  58,  and  moisture  content  between  11 
and  12  percent. 

By  March,  only  18  bins  out  of  the  original  79  bins  still  had  wheat 
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stored  to  be  sampled.   Forty- four  percent  of  the  producers  usi 
treatment,  5.6X  used  a  type  of  grain  protectant,  and  50%  used 
fumigation  to  treat  their  grain.   This  sample  period  was  quite 
different  from  the  others  because  fewer  than  five  insects  were  found 
during  the  sampling.   In  fact,  there  was  a  77. 8Z  chance  of  having  no 
insects  from  January  to  March,  16. 6%   chance  of  getting  less  than  or 
equal  to  one  insect,  and  only  a  5  .  5X  chance  of  getting  greater  tha 
and  less  than  or  equal  to  5  insects  when  sampling. 

In  this  case,  grain  protectant  -  malathion  treatment  strategy  was 
in  the  efficient  set  when  the  producer  was  not  aware  of  the  quality  of 
his  wheat.   However,  if  the  quality  of  the  stored  wheat  had  a  possible 
test  weight  of  56  to  58  or  greater  than  58,  or  the  moisture  content  was 
greater  than  12  percent,  then  grain  protectant  -  malathion  treatment 
strategy  remained  in  the  efficient  set.   It  was  also  found  that  no 
treatment  strategy  remained  in  the  efficient  set  when  the  moisture 
content  was  less  than  or  equal  to  10  percent.   Again,  no  treatment  and 
grain  protectant  -  malathion  were  in  the  efficient  set  in  two  areas: 
test  weight  greater  than  56  and  moisture  content  between  10  and  11 
percent.   Fumigation,  no  treatment  and  grain  protectant  -  malathion 
were  in  the  efficient  set  when  moisture  content  was  between  11  and  12 
percent . 

Basically,  producers  can  choose  from  three  general  treatment 
strategies  that  will  enable  them  to  maintain  the  quality  of  the  grain 
and  at  the  same  time  reduce  the  probability  of  receiving  a  lower  cash 
price  due  to  either  some  quality  discount  or  insect  infestation 
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discount.   However,  producers'  decision  may  be  influenced  by  the  amount 
of  risk  they  are  willing  to  take. 

In  this  analysis,  several  treatment  strategies  remained  in  the 
efficient  set  for  a  specific  category  because  one  strategy  did  not 
dominant  another  when  a  pair-wise  comparison  was  done.   Therefore,  both 
strategies  remained  in  the  efficient  set.   In  over  half  of  the  cases, 
there  was  more  than  one  strategy  in  the  efficient  set.   In  fact,  during 
November  and  January  sample  periods,  more  than  one  strategy  (primarily 
minimum/no  treatment  and  grain  protectant  -  malathion)  remained  in  the 
efficient  set  six  out  of  eight  (75%)  times  for  each  month.   In  this 
case,  second  degree  stochastic  dominance  criteria  gave  no  guidance  in 
selection  between  the  two  strategies.   In  other  words,  the  decision  on 
the  specific  treatment  strategy  to  apply  on  the  stored  grain  for  a 
certain  quality  of  wheat  and  time  of  year,  may  have  to  be  based  on  more 
than  just  the  assumption  that  the  producer  is  risk  averse. 

For  instance,  during  the  month  of  January,  the  grain  protectant  - 
malathion  treatment  strategy  dominates  at  the  lower  end  of  the  CDF 
while  the  minimum/no  treatment  strategy  dominates  at  the  upper  end  of 
the  CDF.   This  seems  reasonable  because  when  no  discount  occurs,  a  cost 
will  still  need  to  be  included  from  applying  the  grain  protectant  - 
malathion  and  therefore,  the  grain  protectant  strategy  would  be 
slightly  to  the  left  of  the  minimum/no  treatment  strategy  at  the  upper 
end  of  the  CDF.   Furthermore,  grain  protectant  -  malathion  should  have 
more  of  an  effect  on  controlling  insects  than  "doing  nothing"  and  thus, 
reduces  the  probability  of  receiving  large  discounts  due  to  insect 
infestation.   This  is  illustrated  in  Figure  4.1. 
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Figure  4.1:   Cumulative  Distribution  Functions  for  Grain 

Protectant  -  Malathion  Treatment  and  Minimum/No 
Treatment  Strategies  in  January 
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On  the  other  hand,  an  interesting  result  occurred  during  the 
November  sample  period.   In  this  case,  the  minimum/no  treatment 
strategy  dominates  at  the  lower  end  of  the  CDF.   However,  grain 
protectant  -  malathion  treatment  strategy  dominates  through  the  middle 
of  the  CDF.   The  only  explanation  that  could  be  found  for  this 
phenomena  is  that  when  the  producer  used  the  grain  protectant  - 
malathion,  the  grain  was  heavily  discounted  and/or  a  small  number  of 
samples  are  causing  grain  protectant  -  malathion  to  be  slightly  to  the 
left  of  the  minimum/no  treatment  at  the  lower  end  of  the  CDF.   This 
situation  is  illustrated  in  Figure  4.2. 

Overall,  it  must  be  noted  that  grain  protectant  -  malathion  and 
minimum/no  treatment  strategies  have  fairly  identical  probabilities 
associated  with  the  outcomes.   This  makes  it  relatively  difficult  to 
separate  the  two  strategies  and  choose  the  appropriate  treatment 
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Figure  4.2:   Cumulative  Distribution  Functions  for  Grain 
Protectant  -  Malathion  Treatment  and 
Minimum/No  Treatment  Strategies  in  November 
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strategy  to  be  applied  to  stored  grain  under  various  quality 
conditions . 

Finally,  fumigation  was  never  selected  as  a  part  of  the  efficient 
set  unless  the  efficient  set  also  included  minimum/no  treatment  and 
grain  protectant  -  malathion  treatment  strategies.   In  other  words, 
fumigation  was  not  a  dominant  strategy,  even  though  it  was  the  most 
widely  used  treatment  strategy  by  the  wheat  producers.   This  could  be 
attributed  to  the  cost  of  the  chemical  and  the  fact  that  producers  may 
use  fumigation  only  after  infestation  has  started  rather  than  as  a 
prevention  strategy,  i.e.,  the  grain  had  already  become  infested,  so  it 
was  fumigated.   This  may  explain  why  fumigation  had  a  greater 
probability  of  receiving  a  discount  for  insects  than  the  other 
strategies  used  in  this  analysis. 
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CHAPTER  5 
SUMMARY  AND  CONCLUSIONS 

This  study  focused  on  the  producers'  dilemma  of  attempting  to  make 
correct  pest  management  decisions  based  upon  their  risk  preferences  and 
the  probabilities  of  receiving  discounts.   A  stochastic  dominance 
criterion  was  used  as  an  analysis  tool.   This  criterion  addressed  the 
producer's  problem  of  selecting  a  treatment  strategy  that  would  be 
economical  in  terms  of  treatment  costs,  control  of  insects  in  the 
grain,  and  potential  discounts  for  damaged  grain. 

Review  of  Data  Sets  and  Decision  Making  Tools  Used 

Three  data  sets  were  used  in  this  analysis  in  order  to  study  the 
selection  of  treatment  strategies.   The  first  data  set  was  from  a  study 
of  on- farm  storage  where  79  bins  were  monitored.   The  farm  study 
provided  data  on  four  different  treatments  used  by  the  producers, 
insect  counts,  and  the  date  samples  were  collected. 

The  second  data  set  included  samples  collected  by  elevator 
operators.   A  total  of  465  samples  were  collected  from  wheat  marketed 
by  producers  in  the  area.   The  samples  were  analyzed  for  wheat  quality 
conditions  and  insect  counts.   Test  weight  and  moisture  content  were 
found  to  be  significant  in  determining  discounts  and  therefore,  were 
the  two  major  wheat  quality  factors  used  in  this  study.   Also,  elevator 
operators  provided  information  on  the  discounts  charged  to  the 


producers  and  reasons  for  discounting.   Essentially,  this  data  provided 
information  needed  to  calculate  the  discounts  likely  for  insect  damage. 

The  third  data  set  included  the  costs  of  the  treatment  strategies 
used  for  this  analysis.   The  costs  were  gathered  by  interviewing 
several  elevator  operators,  cooperatives,  and  agricultural  services  in 
the  grain  sampling  area,  who  either  used  or  sold  the  stored  grain 
chemical.   An  average  price  per  bushel  was  calculated  for  each 
chemical.   The  net  income  (outcome)  was  calculated  by  subtracting  the 
discounts  and  the  treatment  strategy  costs  from  the  quoted  November 
cash  price  of  $2.48. 

After  probabilities  were  calculated  for  the  farm  analysis  and 
elevator  study,  these  data  sets  were  combined  by  multiplying  the 
probabilities  that  corresponded  with  each  insect  category.   The 
probabilities  were  then  cumulated.   Thus,  a  cumulative  distribution 
function  was  generated  which  was  associated  with  a  group  of  outcomes 
for  a  specific  wheat  category. 

The  stochastic  dominance  criterion  was  used  to  eliminate  pest 
management  strategies.   This  procedure  was  accomplished  by  using  the 
cumulative  distribution  functions  (CDFs)  and  outcomes  to  calculate  the 
area  under  each  CDF  in  order  to  do  pair-wise  comparisons  between 
treatment  strategies.   Basically,  if  the  area  under  strategy  F's  CDF 
was  less  than  or  equal  to  the  area  under  strategy  G's  CDF,  then 
strategy  F  is  dominant  and  remains  in  the  efficient  set.   Those 
strategies  remaining  in  the  efficient  set  are  strategies  that  a  risk 
averse  individual  would  prefer  to  use  on  his  stored  grain. 
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Summary  of  Results 

In  this  study,  grain  protectant  -  raalathion  and  minimum/no 
treatment  strategies  were  the  most  widely  selected  strategies.   Since 
grain  protectant  -  malathion  is  a  very  inexpensive  treatment  strategy 
to  use,  the  area  under  the  cumulative  distribution  functions  for  I 
the  grain  protectant  -  malathion  and  minimum/no  treatment  strategies 
were  very  similar.   In  this  case,  both  treatment  strategies  remained  in 
the  efficient  set  and  would  be  preferred  by  a  risk  averse  decision 
maker.   Consequently,  in  most  of  the  comparisons,  there  was  not  one 
particular  strategy  that  could  be  suggested  for  use  during  a  certain 
time  period  for  a  specific  wheat  quality. 

Another  interesting  result  was  that  during  the  month  of  November, 
in  all  categories  except  when  moisture  content  was  less  than  or  equal 
to  10  and  when  moisture  content  was  greater  than  12,  fumigation 
remained  in  the  efficient  set.    However,  minimum/no  treatment  and 
grain  protectant  -  malathion  treatment  strategies  also  remained  in  the 
efficient  set  for  those  categories  mentioned.   This  suggests  that  a 
risk  averse  producer  could  use  any  one  of  the  possible  treatment 
strategies  analyzed.    In  this  situation,  the  analysis  suggests  that 
several  treatment  strategies  could  be  used  by  the  producers  since  they 
are  not  greatly  different  in  terms  of  controlling  insects  in  the  grain, 
potential  discounts  for  damaged  grain,  and  costs. 

Limitations 

Several  key  assumptions  were  made  in  evaluating  which  treatment 
strategy  the  producers  should  select  for  use  on  their  stored  grain. 
First,  decision  makers  were  assumed  to  be  risk  averse.   Second  degree 
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stochastic  dominance  only  selects  those  strategies  preferred  by  risk 
averse  individuals.   However,  producers  may  not  be  risk  averse, 
depending  upon  their  preferences  and  financial  situation.   These 
individuals  may  find  the  other  strategies  more  appealing. 

Secondly,  even  though  the  grain  is  out  of  the  field  and  weather 
should  not  be  a  factor  in  determining  the  quality  of  the  wheat,  weather 
patterns  throughout  the  year  can  have  some  impact  on  the  rate  of  wheat 
deterioration.    In  fact,  during  the  past  two  years,  the  weather  has 
been  abnormally  warm  during  February  which  is  somewhat  unusual  for  the 
state  of  Kansas.   This  increase  in  temperature  on  the  outside  of  the 
bin  could  cause  adverse  affects  to  the  stored  grain  by  increasing  the 
temperature  in  the  bin  and  possibly  encouraging  insect  activity.   This 
factor  could  be  added  into  the  analysis,  if  there  was  some  way  to 
measure  this  effect. 

In  addition,  it  seems  that  many  producers  treat  their  stored  grain 
because  of  a  history  of  insect  infestation  on  their  particular  farm. 
In  this  case,  producers  would  apply  a  particular  type  of  treatment  just 
because  they  expect  to  have  problems  from  past  experiences.   On  the 
other  hand,  producers  that  do  not  have  a  history  of  insect  problems  in 
their  stored  grain  may  not  apply  a  treatment.    Essentially,  without 
gathering  historical  data  on  each  bin  sampled  or  carefully  monitoring 
bins  with  similar  conditions,  this  factor  could  not  be  appropriately 
added  into  this  analysis. 

Furthermore,  it  was  assumed  that  consistent  discounts  were  charged 
to  different  producers  by  county  elevators,  terminal  elevators,  and 
even  within  itself  according  to  a  grading  standard.    It  was  disc* 
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by  interviews  and  the  data  sample  available,  that  this  assumption  may 
not  be  entirely  appropriate.   With  this  in  mind,  producers  may  1.. 
other  decisions  to  be  made  besides  what  treatment  to  use  to  reduo 
probability  of  receiving  a  lower  net  income.   These  decisions  may 
include  which  elevator  they  should  deliver  their  grain  to  and  is 
transportation  costs  an  important  factor  in  selecting  where  to  market 
their  grain. 

Also,  fixed  costs  for  equipment  used  in  treatments  were  not 
considered,  nor  was  the  labor  associated  with  application  of  chemicals. 
This  tends  to  be  an  advantage  for  chemical  treatments  in  the  analysis. 
However  these  costs  are  relatively  small  in  most  instances,  so  the 
biases  for  using  chemical  treatments  would  also  be  fairly  small. 

Finally,  the  conceptual  framework  of  this  analysis  was  that 
producers  make  a  choice  regarding  the  treatment  strategy  to  use  when 
the  grain  goes  into  storage.   This  analysis  did  not  consider  a 
sequential  framework  on  a  flexible  strategy  where  fumigation  could  be 
used  only  if  needed.   In  other  words,  producers  could  decide  not  to 
apply  a  treatment  to  their  stored  grain  when  it  enters  the  bin  and 
later  decide  to  use  a  fumigation  treatment.   This  flexible  strategy 
cannot  be  analyzed  in  this  stochastic  dominance  approach,  yet  it  may  be 
an  alternative  strategy  for  producers. 

Future  Research 

Future  research  might  address  the  incentives  needed  in  order  to 
encourage  producers  to  become  more  aware  of  the  affects  of  insect 
activity  on  stored  grain.   First,  what  kind  of  a  discount  schedule  or 
premium  schedule  for  high  quality  grain  would  be  needed  to  give 
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producers  an  incentive  to  control  insect  infestation  and  be  more 
concerned  about  the  quality  of  wheat  they  market?   Another  approach 
would  be  to  subsidize  the  cost  of  certain  chemicals  for  use  in 
controlling  insects  in  stored  grain,  thus  reducing  the  cost  to 
producers.   This  would  reduce  the  disincentives  to  producers  to  use  a 
chemical  to  control  insect  infestation. 

Finally,  an  analysis  of  costs  of  insect  damage  farther  into  the 
marketing  chain  could  be  very  valuable.   A  social  trap  problem  might 
exist  where  producers  and  elevators  continue  to  do  something  to  their 
advantage  that  is  collectively  damaging  to  the  group  as  a  whole. 
Without  investigating  the  entire  marketing  chain,  problems  regarding 
incentives  may  not  be  recognized.   Who  bears  the  cost  as  insect  damaged 
grain  moves  through  the  system  and  what  are  the  incentives  for 
controlling  insects  in  stored  grain  further  into  the  marketing  chain? 
Answers  to  these  questions  could  provide  valuable  information  for  the 
whole  grain  industry. 
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APPKNDIX  A 

Appendix  A  shows  the  probabilities  calculated  for  the  farm 
analysis  data.   These  probabilities  are  grouped  in  sets  specified  by 
sample  period.   In  each  sample  period  group,  a  probability  is 
calculated  for  each  treatment  method  under  each  of  the  four  insect 
categories . 
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flooendix  ft:     Probabilities  Calculated  froi  tie  rare  Analysis 

Prooabilitilies  Calculated  for  Each  Treatment  Method  During  Seoteaoer 
Treat«ent  Insects  =  0    0  <  Insects  (  1     1   <  Insects  (  5      Insects  )  5 


No  Treatment                    15.79                  34.21  26.32                  23.68 

Protectant                       37.5                       25  25                    12.5 

^ungant                          9.99                   36.36  36.36                   18.18 

Probabilities  Calculated  for  Each  Treatment  Method  During  November 

Treatment          Insects  =  0    0  <  Insects  <  1     1  (  Insects  (  5      Insects  >  5 


No  Treat  lent                       9.52                   14.29  23.81                   52.38 

Protectant                      28.57                  28.57  28.57                  14.29 

cu«igant                              25                        48  30                          5 

Probabilities  Calculatea  for  Each  Treatment  Method  During  January 

Treatment          Insects  =  0    0  (  Insects  <  1     1  <  Insects  (  5      Insects  )  5 

No  Treatment                     56.25                   18.75  18.75                     6.25 

Protectant                              0                        25  0                        75 

Fuiigant                       56.25                       25  6.25                    12.5 

Probabilities  Calculated  for  Each  Treatment  Method  During  Marcn 

Treatment          Insects  =  0    0  (  Insects  (  1     1  (  Insects  (  5      Insects  )  5 


NO  Treatment  75  25  0  0 

Protectant  IN  I  0  0 

►  ungant  77.78  11.11  ll.n  0 
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APPKNDIX  B 

Appendix  B  shows  the  probabilities  calculated  for  the  elevator 
study.   These  probabilities  were  calculated  for  each  wheat  quality 
condition  within  a  specified  insect  category.   Two  wheat  quality 
conditions  included  test  weight  and  moisture  content.   Also, 
probabilities  were  calculated  when  no  wheat  quality  condition  was 
specified. 


flooendix  B-l: 

Probabilities  Cal 

.culated  for  R* 

reiving  a  Certain 

Discount 

When  Wheat  Quality 

Is  Not  Soecified 

Probability 

Probability 

Probability 

Probability 

Discount 

Insects  =00 

<  Insects  <  1 

1   (  Insects  (  5 

Insects  )   5 

u.m 

43.23 

42.86 

34.88 

24.24 

$0,005 

7.49 

9.52 

6.98 

9.09 

$O10 

9.80 

2.38 

4.65 

0.00 

$0,015 

0.29 

0.00 

0.00 

0.00 

$0,020 

9.80 

11.90 

4.65 

0.00 

$0,029 

0.00 

0.00 

0.00 

3.03 

$0,030 

7.49 

2.38 

9.30 

9.09 

$0,040 

4.32 

2.38 

2.33 

3.03 

$0,050 

8.07 

7.14 

6.98 

3.03 

$0,055 

0.29 

0.00 

0.00 
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APPKNDIX  C 

After  the  probabilities  were  calculated  for  each  data  set,  the 
probabilities  were  combined  by  multiplying  each  probability 
corresponding  to  an  insect  category.   The  probabilities  were  then 
cumulated  and  sorted  by  outcome  from  small  to  large.   Appendix  C  shows 
how  the  stochastic  dominance  criterion  was  used  to  select  which 
strategies  remained  in  the  efficient  set.   For  each  strategy,  there  is 
a  cumulative  distribution  function  associated  with  a  group  of  outcomes. 
Pair-wise  comparisons  are  shown  for  each  set  of  factors  specified  in 
the  analysis.   The  areas  under  the  strategy's  CDFs  are  shown  along  with 
the  difference  between  the  areas  compared. 
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4. 134 

1.22* 

-«.•'* 

•2.34 

ka 

12.33 

4.  Ill 

4.224 

•       • 

n.y 

:i.«5 

H.I7 

4.2:7 

HM 

-4.m 

•2.37 

1.23 

11.17 

1.142 

MM 

-4.  :5* 

12.34 

.1.42 

11.17 

•  321 

•  *41 

•4.144 

•2.34 

13.1* 

11.17 

1.2*5 

t.»41 

-4.2** 

%t.n 

24.42 

11.17 

4. 511 

•  7*4 

-4.  1*4 

•2.31 

13.1* 

11.17 

1.433 

•   '*! 

■a.  m 

12. »4 

24.42 

KM 

4.m 

4.131 

-4.1*4 

•  2.*4 

13.1* 

2*.  11 

1.573 

1.131 

-4.347 

«.»: 

23.14 

21.71 

1.44* 

1. 1*7 

-4.  Ill 

■41 

14.17 

21.74 

1.712 

1.117 

-4.473 

«.v? 

24. 17 

33.34 

1.251 

l.*4* 

-4.23* 

t2.*2 

23.  «7 

33.54 

1.1*2 

l.*4* 

-4.543 

W.«J 

33.11 

31.74 

1.5*4 

1.1*4 

-4.344 

«2.»3 

21.  *2 

31.7* 

1.134 

1.4*4 

-4.74* 

«.»« 

n.n 

43.43 

1.444 

2.237 

-4.337 

•2.  »• 

33.4* 

45.43 

1.431 

2.2J7 

-4.447 

■.49 

»*.l7 

51.  34 

2.254 

2.6% 

-1.434 

•2-*5 

«4.52 

33.34 

1.747 

2.4« 

-4.121 

12.  *4 

V..  17 

5*.»l 

2.'M 

3.221 

-4.334 

•2-»4 

♦1.22 

5*.4l 

2.: -2 

3.221 

-1.437 

12.47 

5151 

144.44 

3.243 

3.745 

-4.542 

•2.47 

53.31 

144.44 

2.4*3 

3.743 

-1.124 

■.41 

MM 

M   M 

129* 

3.133 

-4.4*1 

•2.44 

MM 

144.44 

2.733 

3.133 

-UNI 

--:  ■  r ■  *»■ 


*rt>0.    Of 

»-06.    o' 

■atari 

r*v.q»"t 

x:j*£5 

•*4*f| 

:«i9*nt 

SKA  •  : 

MUI  ■  1 

»-l 

12.24 

1.23 

1.44 

I 

• 

1 

12.27 

4.23 

1.44 

1.524 

Ma 

4.521 

12.24 

1.23 

1.44 

1.531 

1.4*1 

1.53* 

12.34 

1.27 

1.44 

1.533 

4.442 

1.53* 

12.31 

2.31 

1.54 

•  5*4 

Ma 

1.5*4 

12.32 

2.31 

3.41 

1.544 

1.1:4 

4.531 

12.33 

3.41 

3.41 

1.51* 

1.433 

1.5*1 

12.1* 

-  * 

4.71 

1.433 

1.44* 

1.5*1 

12.33 

1.23 

1.24 

1.742 

4.131 

1.571 

12.34 

13.1* 

12.33 

i.m 

1.224 

1.571 

12.37 

13.1* 

11.17 

1.491 

1.314 

I.5A3 

12.34 

13.1* 

11.17 

1.424 

1.441 

1.534 

12.31 

14.17 

11.17 

1.213 

1.7*4 

l.*43 

12. *4 

2147 

24.11 

urn 

1.131 

4. 443 

12.41 

21.42 

21.74 

1.437 

1.117 

1.45* 

12.42 

33.4* 

33.54 

1.131 

1.44* 

1.44) 

12. 43 

•4.52 

J1.7* 

2.244 

1.4*4 

1*21 

12.  4* 

*4.22 

45. 43 

2.473 

2.237 

l.*35 

12.  »5 

5J.3I 

53.34 

3.153 

2.414 

1.451 

12.  »4 

MM 

54.11 

3.444 

3.221 

I.4J1 

12.47 

.44.44 

144.44 

4.444 

3.743 

1.943 

12.  *4 

144.44 

144.44 

4.434 

3.933 

1.943 
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C-7:     Ucort  Otjrtt  Stoc-mtic  Dobiwci  Criterion  for  tit  StItfNStr 

Suoll  Ptriofl  Untn  «oistur»  Content    if   ;r*4trr   tiin   1] 
tnc   .  m  :-»-  or  fflu«l  to  12 


STOCHASTIC  W-INP/CE  co*a«isc« 
KTWEEN  WO  T8£flT«£wT  £WD  PROTECTANT  -  CHJMPWIPQS 


Proo.  of  1 

>roo.   of 

No  Trt. 

mi* 

OUTCOMES 

NO  Trt 

mu 

UREA  •  A  AREA  •  1 

H 

•  1.86 

I.N 

I.N 

1 

• 

1 

«1.«7 

I.N 

I.N 

1 

• 

1 

II.  M 

1.33 

1.47 

1 

• 

1 

♦2.23 

1.53 

1.47 

1.547 

1.321 

1.827 

♦2.24 

1.35 

1.47 

8.363 

1.334 

1.128 

•2.25 

3.92 

2.72 

1.574 

1.343 

1.129 

•2.24 

«.H 

3.13 

1.619 

1.371 

I.I4I 

•2.33 

4.15 

3.13 

1.917 

1.792 

1.115 

♦2.34 

4.13 

3.13 

1.937 

1.815 

1.122 

♦2.33 

6.42 

4.21 

1.988 

1.853 

1.133 

♦2.36 

6.42 

4.28 

1.132 

1.196 

1.157 

♦2.37 

6.53 

4.59 

1.117 

1.939 

1.178 

♦2.38 

6.11 

6.46 

1.182 

1.984 

1.198 

«.» 

11.21 

9.N 

1.263 

1.145 

1.218 

•2.44 

17.25 

13.37 

1.373 

1.133 

1.244 

•2.41 

27.61 

21.34 

1.548 

1.2(9 

1.279 

•2.42 

27.74 

21.69 

1.824 

1.483 

1.341 

•2.43 

27.87 

33.32 

2.129 

1.721 

I.4W 

•2.44 

39.73 

34.55 

2.3N 

2.121 

1.339 

•2.45 

44.71 

39.73 

2.777 

2.367 

I.4M 

12.46 

57.28 

51.76 

3.224 

2.764 

1.461 

♦2.47 

37.41 

58.19 

3.786 

3.271 

1.514 

•2.48 

1N.N 

1N.N 

3.883 

3.371 

1.513 

Pros,    of  Pi-00.   of 

No  Trt. 

Nrtftyl 

OUTCOMES 

No  Trt 

uttnyl     i 

-■<-•- 

JREA  •  1 

M 

11.86 

I.N 

1.47 

I 

1 

I 

11.87 

I.N 

1.47 

I.N4 

1.111 

-4.111 

tl.U 

1.53 

1.47 

I.N4 

1.424 

-4.424 

«2. 23 

1.53 

2.72 

1.347 

1.544 

1.443 

•2.24 

1.33 

3.43 

1.363 

1.571 

-4.N9 

•2.25 

3.92 

3.43 

1.374 

1.594 

-4.424 

•2.26 

4.13 

3.43 

1.649 

1.621 

-4.412 

♦2.33 

4.13 

4.28 

1.947 

1.844 

1.163 

12.34 

4.(5 

4.26 

4.937 

1.176 

1.162 

•2.33 

6.42 

4.59 

1.968 

1.929 

1.459 

•2.36 

6.42 

6.K 

1.432 

1.973 

4.477 

♦2.37 

6.53 

9.N 

1.117 

1.436 

I.N1 

♦2.38 

l.ll 

13.37 

1.182 

1.126 

1.136 

•2.39 

11.24 

21.34 

1.263 

1.264 

1.443 

•2.41 

17.23 

21.69 

1.373 

1.473 

-4.194 

♦2.41 

27.61 

22.N 

1.348 

1.694 

-4.143 

♦2.42 

27.74 

34.33 

1.824 

1.911 

-4.N7 

•2.43 

27.87 

39.73 

2.129 

2.294 

-4.162 

♦2.44 

39.73 

44.94 

2.3N 

2.644 

-4.268 

♦2.43 

44.7! 

52.47 

2.777 

3.458 

-4.281 

♦2.46 

57.28 

1N.N 

3.224 

3.574 

-4.354 

♦2.47 

57.41 

1N.N 

3.786 

4.338 

-4.773 

♦2.48 

1N.N 

1N.N 

3.883 

4.728 

-4.845 

STXHASTIC  OOKlNflNCE  DkWMMON 
8ETMEEN  PROTECTANT  -  nflLflTMlC*  MO  PROTECTANT  -  CnORPYRIFOS  "ET-f. 


Prot).   of  1 

>roo.   of 

Hill 

«*t«yl 

TCONES 

♦ill 

«4tlyl 

AREA  •  A  AREA  >  9 

A-B 

♦  1.86 

4.N 

1.47 

1 

1 

4 

•  1.87 

I.N 

1.47 

I.8N 

1.111 

-4.411 

•  1.88 

1.47 

1.47 

I.4N 

1.424 

-4.424 

♦2.23 

1.47 

2.72 

4.524 

1.344 

-1.424 

♦2.24 

1.47 

3.13 

1.534 

1.571 

-4.437 

♦2.25 

2.72 

3.43 

4.545 

1.594 

-1.148 

♦2.26 

3.13 

3.13 

4.574 

1.621 

-4.451 

♦2.33 

3.13 

4.21 

4.792 

1.844 

-4.431 

♦2.34 

3.43 

4.26 

4.815 

1.876 

-4.461 

♦2.35 

4.28 

4.59 

4.633 

6.929 

-4.176 

♦2.36 

4.28 

6.46 

4.896 

1.975 

-4.  IN 

♦2.37 

4.59 

9.N 

1.939 

1.436 

-4.197 

♦2.38 

6.K 

13.37 

1.944 

1.126 

-4.141 

•2.39 

9.N 

21.38 

1.445 

1.264 

-4.215 

•2.44 

13.37 

21.69 

1.133 

1.473 

-4.338 

•2.41 

21.38 

22.  N 

1.269 

1.694 

-4.422 

•2.42 

21.69 

34.53 

1.443 

1.914 

-4.426 

•2.43 

33.32 

39.73 

1.721 

2.294 

-4.569 

•2.44 

34.33 

44.94 

2.421 

2.644 

-4.627 

•2.45 

39.73 

32.47 

2.367 

3.438 

-4.691 

•2.46 

51.76 

1N.N 

2.764 

3.578 

-4.815 

♦2.47 

58.49 

1N.N 

3.271 

4.534 

-1.287 

♦2.48 

1N.N 

1N.N 

3.374 

4.728 

-1.359 
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Stot-«ot 
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lorio*  for 

1     t:    r.  < 
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••     , 

.»   |-»«1P   t>0»   II 

■* 

...         .•            r       . 

I*  12 

jtooosuc  »:K*a  :»«M:i* 

1 

S'X*«T]C 

7»\fC\ 

:  c9«m: 

:» 

■1MB  « 

. .     ,      i  — 

ICTtOn  MOTinWT  -  ojfcj 

■«:»  mc  i  jus*' 

*^.  if  ; 

>i>04.    of 

•»  M.   A 

»>»*«• 

. 

>*oa.  of  (Vst.  of 

«*U       1 

-•         I"' 

N 

«o  M.    i 

•ll|Vl 

.*....*-., 

»-| 

X'SXS 

Kola      '■ 

m  -..-■  .«•.... 

Ml*  •  1 

0-4 

11.14 

1  M 

1  M 

I 

I 

• 

•  1.44 

I.M 

4  M 

i 

4 

4 

•     r 

1  M 

kl4 

• 

I 

I 

•  1.17 

•  M 

2.1* 

• 

• 

• 

II.M 

1.55 

1. 1< 

I  Mi 

lit 

-4.(11 

tl.M 

l.*1 

2.1* 

•  4M 

4.411 

-4.411 

42.21 

■• 

LM 

1.5*7 

4.774 

-4  221 

42.21 

l.«7 

2.1* 

4.524 

4.774 

-4.234 

42.24 

:.S3 

L« 

r»9U 

•.717 

-4.215 

12. 2« 

l.«7 

1.44 

4.514 

4.717 

-4.24J 

w.a 

l.« 

•  41 

4.37» 

1.127 

-4.231 

•2.23 

2.72 

•  41 

4.5*3 

4.427 

-4.241 

•2.24 

•  n 

>  ■ 

■VM 

1H 

-1.25* 

i2.24 

1.41 

4.41 

4  574 

4.441 

-4.211 

w.31 

«  e 

k.n 

4.%7 

1.131 

-1.232 

42.11 

1.41 

4.41 

4.712 

1.131 

-4.147 

W.J» 

•.43 

5.15 

4.117 

1.1% 

-4.232 

42.1* 

1.41 

5.43 

4.1:3 

1.1% 

-4.17* 

42.33 

t« 

LM 

•  %4 

1.241 

-*.ir> 

42.  JS 

4.24 

3.43 

4.431 

1.24J 

-4.«I4 

W.34 

L*J 

5.92 

1.432 

1.12: 

-1.241 

•2.J4 

4.24 

S.K 

4.4% 

l.»l 

-4.*23 

42.17 

4.55 

4.44 

1.117 

1.1M 

-1.24* 

42.17 

•  31 

4.44 

4.111 

1.1M 

-4.»*2 

Wit 

1.  II 

12.14 

1.142 

i.«4l 

-1.271 

42.14 

4.44 

12.1* 

4.14* 

l.*4l 

-4.»77 

«.n 

\um 

17.* 

uw 

1.5*4 

-4.321 

42.11 

I.M 

17.15 

UM 

1.34* 

-4. 311 

«.«• 

n.a 

J'.'. 

1.173 

1.74* 

-4.141 

«.»4 

11.17 

27.7* 

LIB 

:.-4* 

-4.421 

«.»; 

n.u 

2T.il 

UM 

2.(41 

-4.«9« 

42.«1 

21.14 

27.41 

1.241 

2.MI 

-4.771 

42.42 

27.7* 

P.M 

i.42« 

2.311 

-4.«% 

12.  »2 

21.41 

27.  M 

!.*4U 

2.111 

-4.417 

«.«J 

v.n 

44.55 

Lia 

2.424 

-4.«17 

12.  »1 

1X12 

♦4.53 

1.721 

2.424 

-4.  443 

42.44 

31.73 

45.11 

2.  IN 

2.111 

-1.4II 

•CM 

1«.35 

♦3.1! 

2.421 

2.111 

-4.174 

•2.45 

■■ 

37.  34 

2.777 

1.4*2 

-1.445 

»2.»3 

11.7] 

37.14 

2.K7 

l.**2 

-1.474 

K.4I 

57.24 

57.  »5 

3.22* 

«.4l4 

■M 

42.44 

51.74 

5  .«'. 

2.74* 

•  .414 

-1.232 

•2.47 

P.M 

'.M.M 

J.  714 

».371 

-4.79] 

42.  «7 

54.41 

MM 

1.2-1 

•  .571 

■:.m 

•2.44 

:M.M 

MM 

1.441 

«.7»1 

-1.144 

42.  *4 

MM 

IM.M 

LOT 

».7»1 

-I.J71 

smo«sT!c  ooi-oacj  a*o«is* 


VMS 

Mta.1    i 

■tfMN  MM  •  a  »**  •  ■ 

4-1 

11.14 

:.«7 

1  M 

4 

1 

1 

11.47 

l.»7 

2. 1* 

4.411 

4.4M 

4.411 

•  I.M 

l.«7 

2.1» 

•  424 

4.419 

4.443 

42. 2J 

2.72 

2.M 

4.5*4 

t.m 

-4.212 

•2.24 

1.41 

a.% 

4.371 

4.797 

-4.224 

12.23 

1.41 

♦  .41 

4.31* 

1.427 

-4.213 

i2.24 

1.41 

•  .43 

4.421 

4.443 

-4.242 

42.11 

•  24 

•  .41 

4.4** 

1.159 

-4.3:4 

•2.1* 

•  .24 

3.43 

4.474 

1.1% 

-4.114 

«2.13 

♦.31 

3.43 

1.921 

1.241 

-4.333 

12.14 

4.44 

3.92 

4.973 

LSI 

-4.344 

42.17 

IN 

4.44 

1.414 

I.1M 

-4.345 

•2.14 

11.17 

12.1* 

1.124 

l.*4l 

-4. 313 

n.n 

21.14 

17.15 

1.244 

1.54* 

-4.123 

•2.44 

21.41 

27.7* 

I.*7] 

1.74* 

-4.2% 

42.«l 

22.44 

27.11 

1.4% 

2.4*1 

-4.331 

42.  *2 

1*.33 

27. 44 

1.914 

2.319 

-4.449 

•2-U 

31.71 

•4.53 

2.2% 

2.424 

-4.314 

•2.  a 

•4.% 

•5.11 

2.4*4 

2.191 

-4.343 

•2.  «3 

V.17 

37.11 

1.454 

l.**2 

-4.144 

I2.*4 

IM.M 

57.  «3 

1.574 

4.414 

-4.417 

«.«7 

MM 

1M.M 

♦  334 

4.571 

-4.424 

42.  *4 

;M.M 

M.M 

♦  .721 

4.749 

-4.424 

80 


Aooeneu  C-8:     Second  Deqrte 


Siocmtic  Do»irv*nc«  Criterion  for  lm 
Stfolf  Ptriod  Mirn  »oiiture  Content   n  jmttr  tnin  12 


STOCMflSTic  DOMINANCE  CDWHISON 

BETWEEN  HO   TREATIES   AND  5R0TSCTAKT  -   «ALATWI0» 


STOCHASTIC  M»lSf»CZ  C0*O8ISON 
BETMEEN  NO  TBmSn  AND  PROTECTANT  -  C-tOWYR^OS  «£TWV. 


Aro3.    of   AroD.    of 


OUTCOMES 

«0  Trt 

Mil 

-■J-  '  A  AREA  •  ! 

A-B 

ourcwes 

No  Trt 

•etiyl 

3R£A  •  A  ARIA  •  8 

A-B 

♦2.44 

*.84 

8.N 

4 

8 

8 

12.89 

8.M 

6.25 

8 

8 

1 

♦2.49 

8.84 

8.M 

» 

8 

8 

12.89 

8.N 

6.25 

t.M* 

(.8*7 

-«.»*7 

te.ii 

8.55 

6.25 

8 

8 

8 

»2.18 

8.55 

6.25 

8.8*4 

•.113 

-4.183 

♦2.24 

8.55 

6.25 

1.398 

1.822 

8.376 

•2.26 

8.55 

7.69 

1.394 

1.125 

•.273 

♦2.27 

8.55 

6.25 

1.162 

1.869 

8.39* 

•2.27 

8.55 

7.69 

1.162 

1.143 

•  .248 

•2.28 

9.14 

7.69 

1.539 

1.125 

8.111 

•2.28 

9.16 

8.9* 

1.539 

1.232 

8.287 

♦2.29 

9.16 

8.9* 

1.661 

1.227 

(.13* 

♦2.29 

9.16 

8.9* 

1.661 

1.371 

8.294 

♦2.34 

11.53 

6.91 

1.677 

1.213 

*.«3* 

•2.3* 

11.53 

6.9* 

1.677 

1.346 

8.291 

♦2.3* 

11.53 

8.91 

2.236 

1.676 

8.56* 

•2.31 

11.53 

11.19 

2.236 

1.42* 

1.416 

♦2.35 

11.53 

8.9* 

2.322 

1.713 

•.579 

♦2.35 

11.53 

18.19 

2.322 

1.896 

8.*26 

12.34 

13.9* 

18.19 

2.»66 

1.855 

8.612 

•2.36 

13.9* 

28.7! 

2.*66 

2.(23 

B.**3 

\z.n 

13.9* 

18.19 

2.685 

1.957 

1.6*9 

♦2.37 

13.9* 

38.15 

2.6*5 

2.311 

8.295 

♦2.36 

36.57 

28.71 

2.718 

2.833 

8.676 

•2.3a 

36.57 

3*.  15 

2.71* 

2.537 

8.173 

12.39 

37.18 

38. 15 

3.167 

2.392 

8.775 

•2.39 

37.18 

32.8* 

3.167 

2.91* 

8.253 

12. 1* 

37.18 

38.' 15 

3.1*6 

2.618 

(.827 

•2.1* 

37.18 

32.8* 

3.**6 

3.168 

8.246 

♦2.11 

4*.l6 

32.8* 

3.918 

2.995 

(.915 

•2.41 

*(.16 

38.61 

3.91* 

3.570 

8.3*8 

♦2.i2 

K.16 

32.81 

1.312 

3.321 

(.989 

•2.»2 

»8. 16 

*«.19 

*.3l2 

3.956 

8.356 

12.  »3 

12.59 

38.61 

1.711 

3.652 

1.862 

12.13 

♦2.59 

56.65 

*.714 

1.394 

(.3:5 

12.14 

16.78 

**.19 

5.182 

1.877 

1.186 

•2.1* 

*6.78 

68.98 

5.182 

5.821 

1.161 

12.15 

59.13 

56.65 

5.6*3 

1.47* 

1.129 

♦2.45 

59.13 

67.23 

5.683 

5.578 

•.•33 

12.»6 

68.95 

68.98 

6.195 

3.1*1 

1.15* 

•2.»6 

68.95 

188.88 

6.195 

6.2*3 

-*.*»* 

«2.«7 

78.66 

71.92 

6.792 

5. 638 

1.153 

•2.»7 

78.66 

18*.  (4 

6.792 

7.223 

-4.431 

12.»8 

1*4.86 

184.84 

6.926 

5.766 

1.16* 

•  2.18 

188.8* 

188.8* 

6.926 

7.393 

-4.447 

STOC-ASTic  DOIHANCE  CC-OORISON 
BETWEEN  OROTECTANT  -  «OUIThI0n  AND  PROTECTANT  -  CtOROYRlFOS  "ETHYL 


>roo.    of   »ro3.    Of 

•ill 

■etlyl 

OUTCOKES 

Ull 

■etny!     1 

M£A  >  A 

AREA  .  B 

A-B 

•2.44 

8.88 

6.25 

• 

8 

8 

•2.49 

8.N 

6.25 

8.444 

8.8*7 

-8.847 

12.18 

6.25 

6.25 

8.444 

8.183 

-4.183 

•2.26 

6.25 

7.69 

1.422 

1.125 

-4.143 

•2.27 

6.25 

7.69 

1.469 

1.183 

-4.11* 

•2.28 

7.69 

8.9* 

1.125 

1.252 

-4.127 

•2.29 

8.94 

8.9* 

1.227 

1.371 

-4.143 

♦2.38 

8.94 

8.9* 

1.2*3 

1.346 

-4.143 

♦2.34 

8.94 

11.19 

1.675 

1.424 

-*.143 

♦2.35 

8.94 

14.19 

1.743 

1.496 

-4.153 

♦2.36 

18.19 

28.71 

1.833 

2.423 

-4.164 

♦2.37 

18.19 

31.15 

1.957 

2.311 

-4.35* 

♦2.38 

28.71 

34.15 

2.833 

2.537 

-4.543 

♦2.39 

38.15 

32.8* 

2.392 

2.91* 

-4.521 

♦2.44 

38.15 

32.6* 

3.6:8 

3.164 

-4.5*2 

♦2.41 

32.44 

38.61 

2.995 

3.574 

-4.573 

♦2.42 

32.44 

44.19 

3.32* 

3.956 

-4.633 

♦2.43 

34.61 

56. 63 

3.652 

4.394 

-4.7*6 

♦2.4* 

44.19 

68.94 

4.877 

5.421 

-4.9*5 

♦2.15 

56.65 

67.23 

4.474 

5.574 

-1.496 

♦2.*6 

68.94 

144.44 

5.8*1 

6.243 

-1.242 

♦2.47 

74.92 

144.44 

5.63* 

7.223 

-1.5*4 

♦2.44 

184. 84 

144.14 

3.766 

7.393 

•1.627 

8] 


.J«".»-.t       %    |r*«trr    !■>•«    ;t 


5-X-«T!C  xm;**<  C0««4!K» 

9799  scciw  -  •w«:»  *e  <^:s*' 


62.  M 

l.M 

I  M 

• 

1 

1 

tt.ri 

IN 

1.9 

• 

1 

1 

«.:• 

1.33 

1.9 

I.4M 

4.442 

-4.442 

w.24 

I.SS 

1.9 

1.19 

\.m 

4       • 

•2.27 

IU 

1.4* 

1.44* 

:.4J4 

<       • 

•2.24 

111 

1.4* 

:.5J1 

1.91 

-4.142 

«.n 

1.14 

11.9 

l.ttl 

:.4*7 

-4.144 

•2.14 

11.9 

IU9 

i. in 

1.444 

-4.111 

M.J* 

ii.ll 

11.9 

ia 

2.412 

-4.174 

42.13 

11.9 

an 

j.ia 

2.444 

-4.174 

•2.14 

11.94 

U.9 

2.444 

2.444 

-4. 11J 

62.17 

119 

it.  a 

;.nj 

2.711 

-4.14J 

w.u 

14.37 

it.u 

2.':l 

J  •'• 

-4.164 

w.n 

J?.  It 

14.61 

J.  147 

3.54: 

-4.  J* 

62.  *4 

9.11 

»4.M 

J.  *44 

3.134 

-4.4«3 

«.•: 

HM 

M.  M 

i.m 

4.91 

4.49 

62.  »2 

9.11 

42.21 

4.91 

4.79 

-4.434 

«.o 

42.31 

43.47 

1.714 

3.194 

-4.477 

62.44 

*4. '1 

9.71 

S.IK 

3.444 

-4.34* 

62  43 

9.11 

9.9 

5.64J 

4.224 

-4.424 

62.44 

64.13 

79.21 

6.193 

4.411 

-4.4J7 

42.47 

'1.64 

:M.M 

4.79 

7.441 

-4.114 

tea 

MM 

IM.M 

4.«4 

7.771 

-4.431 

0UTC9CS 

'.  , 

.     . 

4-4 

42.44 

•  ,9 

4.9 

1 

• 

• 

42.41 

4.44 

1.41 

• 

4 

4 

42.14 

6.23 

1.41 

1  4M 

I  442 

-4.442 

42.24 

4.23 

1.41 

1.422 

:.344 

-4.3*4 

42.27 

4.23 

1.4* 

1.441 

1.414 

-4.347 

42.24 

7.41 

1.** 

1.123 

1.721 

-4.314 

42.21 

1.1* 

11.24 

1.227 

1.447 

-4.4:1 

42.14 

IV 

;:.24 

1.24] 

1.444 

-4.42J 

42.1* 

4.1* 

11.24 

1.476 

2.*:2 

-4.714 

h.h 

4.* 

11.44 

1.74] 

2.4% 

-4.731 

42.14 

116 11 

11.44 

1.433 

2.444 

-4.443 

42.17 

14. 11 

14.21 

I.T37 

2.711 

-4.4J* 

62.14 

24.7: 

9.9 

2.411 

1.474 

..4*3 

42.11 

14.13 

14.41 

i.m 

1.341 

-1.141 

9.9 

14.13 

44.44 

2.411 

J.  134 

-1.212 

62.41 

12.4* 

44.  M 

2. 113 

4.144 

-1.143 

42.  »2 

12.4* 

42.24 

1.124 

4.764 

-:.**5 

62.  »1 

14.41 

45.47 

1.432 

3.114 

-1.314 

62.** 

44.11 

31.71 

4.  in 

3.444 

-1.414 

62.  «3 

34.43 

44.74 

4.474 

4.22* 

-1.7*1 

62.  *4 

64.94 

71.21 

3.4*1 

4.411 

-1.794 

62.47 

74.12 

19.9 

3.414 

7.444 

-1.174 

62.44 

144.44 

IM.M 

3.744 

7.774 

-2.412 

s-ao«s-!C  oa»:»*««n  co*x>«is» 

*7k€t»  94CT£CT*iT   -   **TkTL  0*0  FUH6MT 


airoxs 

62.44 
•2.41 

42.14 
62.24 
62.27 
62.24 
62.21 
62.14 
62.1* 
62.13 
62.14 
62.17 
62.14 
42. 11 

42.  *4 

9.41 
62.  *2 

62.41 
62.4* 
62.45 

*2.*4 
9.41 

62.44 


4.23 
4.23 

4.23 
7.41 
7.41 
4.9* 
4.1* 
4.9* 
:4.  :9 
14. 11 
24.71 
9.13 

14. 15 
12.44 
12.44 

14.41 
4*.  :9 
34.43 
44.94 
67. 2J 


l.M 

9.41 
1.41 
9.41 
1.44 

9.4* 
11.24 


11.24 
1X9 
U.44 
14.24 
14.  U 
14.41 


♦2.24 

*3.47 
51.71 
44.76 
71.21 


4.4*7 
1.141 
1.123 
1.141 
1.232 
1.171 


1.144 
1.124 
1.494 
2.421 
2.111 
2.317 
2.9:* 


1.374 
1.134 

4.114 

3.421 
3.574 

4.24] 
7.221 
7.11] 


..'2: 


5.194 
5.444 
4.224 
4.411 


4.4*7 
4.421 
-4.**3 
-4.»31 
-4.*49 
-4.474 
-4.444 
-4.512 


-4.7V 
-4.445 
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Seconc  Oiijrrt  StociMtic  Domimhc*  Crittrion  for  f\«  "to 
Swolt  3*rioo  Mn»n  .iiii  Omhty  li  Not  Sotofita 


STXM0ST1C  DOMINANCE  COmOARISON 
BETWEEN  NO  TREATMENT  AND  PROTECTANT  -  MAlAThIOn 


STOCHASTIC  DOMINANCE  COMPARISON 
BETWEEN  NO  TREATMENT  &k£  PROTECTANT  -  CHLORPTRIPOS  «TH»l 


ttroo.   of 

Proo.    of 

NO   Trt. 

ml* 

OUTCOMES 

no  Trt 

•ill 

AREA  •  A  AREA  •  B 

A-B 

11.86 

8.M 

I.M 

8 

6 

6 

11.87 

8.88 

8.H 

8 

8 

8 

•  1.88 

8.  S3 

8.67 

8 

> 

6 

•2.88 

8.33 

8.67 

8.113 

6.133 

-6.623 

•2.89 

8.55 

8.67 

8.117 

8.146 

-8.623 

82.11 

8.89 

1.35 

8.122 

8.147 

-6.825 

•2.23 

8.83 

1.33 

8.241 

6.326 

-6.685 

•2.24 

8.89 

1.33 

8.258 

6.346 

-6.889 

•2.23 

2-48 

1.78 

8.237 

6.336 

-6.693 

12.28 

2.51 

1.B8 

8.288 

6.372 

-6.684 

«2.27 

2.31 

1.88 

8.313 

6.391 

-6.877 

»2.28 

2.37 

2.83 

8.332 

6.4*3 

-*.673 

•2.29 

2.91 

2.71 

■8.364 

6.42? 

-6.666 

12.38 

4.38 

3.14 

8.393 

6.437 

-8.664 

•2.31 

4.38 

3.14 

8.438 

6.4*8 

-6.65* 

•2.32 

4.84 

3.82 

8.472 

6.512 

-6.848 

12.33 

8.43 

4.25 

8.533 

6.566 

-6.627 

12.3* 

8.43 

4.23 

8.597 

6.6*2 

-6.8*5 

•2.33 

9.88 

5.29 

8.661 

6.645 

6.617 

•2.36 

12.38 

7.83 

8.756 

6.697 

6.661 

•2.37 

14.38 

8.33 

6.882 

6.768 

6.114 

•2.38 

24.33 

13.24 

1.623 

6.851 

8.174 

•2.39 

25.47 

14.63 

1.269 

6.984 

6.265 

12.48 

27.48 

15.93 

1.523 

1.136 

6.393 

♦2.41 

34.71 

21.67 

1.736 

1.289 

6.5*8 

•2.*2 

38.39 

24.32 

2.145 

1.3*6 

8.639 

•2.43 

38.82 

33.17 

2.547 

1.774 

6.774 

•2.44 

44.53 

36.18 

2.877 

2.672 

6.863 

•2.45 

52.57 

42.96 

3.323 

2.434 

8.888 

•2.46 

57.98 

58.92 

3.848 

2.864 

8.985 

•2.47 

57.93 

55.81 

4.416 

3.363 

1.653 

•2.48 

1N.N 

1M.M 

4.8*4 

3.737 

1.667 

*TO0.    of  ProB.    of 

No  Trt. 

Nfthyl 

TCONES 

No  Trt 

N»tHyl 

UREA  ■  A 

>REA  •  8 

A-B 

•  1.86 

6.6* 

6.67 

6 

6 

1 

•  1.67 

6.6* 

8.67 

B.»8* 

6.663 

-8.6*5 

•  1.88 

6.55 

6.67 

6.6*6 

6.611 

-6.611 

•2.88 

8.55 

1.35 

6.113 

6.147 

-4.634 

•2.69 

8.55 

1.35 

6.117 

8. 157 

-6.646 

•2.16 

6.89 

1.35 

6.122 

6.178 

-6.648 

•2.23 

6.89 

1.78 

8.241 

6.33* 

-8.168 

•2.24 

6.89 

1.86 

6.256 

6.368 

-6.117 

•2.25 

2.48 

1.86 

6.237 

6.382 

-6.125 

•2.26 

2.51 

2.83 

6.288 

6.4*3 

-6.117 

•2.27 

2.51 

2.71 

6.313 

6.425 

-6.112 

•2.26 

2.57 

3.14 

6.332 

6. 445 

-6.113 

•2.29 

2.91 

3.14 

6.364 

6.484 

-6.126 

•2.38 

4.56 

3.62 

6.393 

6.516 

-6.123 

•  2.31 

4.56 

4.25 

6.438 

6.554 

-6.116 

•2.32 

4.84 

4.25 

1.472 

6.586 

-6.114 

•2.33 

6.43 

5.29 

6.533 

6.639 

-6.166 

•2.3* 

6.43 

7.65 

6.597 

6.692 

-6.695 

•2.35 

9.66 

8.33 

6.661 

6.762 

-6.161 

•2.36 

12.36 

13.24 

6.758 

6.846 

-6.688 

•2.37 

14.36 

14.65 

6.882 

6.978 

-*.697 

•2.38 

24.33 

15.93 

1.(23 

1.123 

-6.699 

•2.39 

25.47 

21.67 

1.269 

1.284 

-6.615 

•2.46 

27.46 

24.32 

1.523 

1.561 

6.623 

•2.41 

34.71 

26.46 

1.798 

1.744 

6.654 

•2.42 

36.39 

36.18 

2.145 

2.6*8 

6.137 

•2.43 

36.62 

42.96 

2.547 

2.4*6 

(.142 

•2.44 

44.55 

43.39 

2.677 

2.792 

6.665 

•2.45 

52.57 

51. N 

3.323 

3.226 

6.696 

•2.46 

57.9* 

1*6.6* 

3.848 

3.736 

(.112 

•2.47 

57.93 

1*8.66 

4.416 

4.716 

-(.3(1 

•2.48 

16*. 6* 

IN.** 

4.514 

4.866 

-6.372 

STOCHASTIC  DOMINANCE  COMPARISON 
BETWEEN  PROTECTANT  -  MALATHION  AnO  PROTECTANT  -  CWUWPV6IF0S  NETHY1. 


OUTCOMES 

Nil* 

Nftnyl 

AREA  •  A 

AREA  .  B 

A-B 

•  1.86 

*.** 

6.67 

6 

( 

8 

•  1.87 

(.66 

6.67 

6. 6*6 

(.*65 

-6.6*3 

•  1.86 

6.67 

6.67 

6.6M 

6.611 

-*.*11 

•2.68 

6.67 

1.33 

6.133 

6.147 

-*.*12 

«.*9 

6.67 

1.35 

6.14* 

6.137 

-«.*17 

•2. 16 

1.33 

1.35 

(.  147 

6.176 

-*.»23 

•2.23 

1.35 

1.78 

8.326 

6.336 

-6.624 

•2.24 

1.33 

1.86 

6.34* 

6.368 

-6.628 

•2.25 

1.78 

1.86 

6.35* 

6.3*2 

-6.632 

•2.26 

1.86 

2.83 

(.372 

6.463 

-6.633 

•2.27 

1.86 

2.71 

(.311 

6.423 

-6.634 

•2.28 

2.63 

3.14 

(.4*3 

6.443 

-6.641 

•2.29 

2.71 

114 

(.429 

6.4*4 

-6.(34 

»2.3( 

3.14 

3.82 

(.437 

6.316 

-(.639 

•2.31 

3.14 

4.25 

(.488 

6.334 

-6.666 

•2.32 

3.82 

4.23 

6.512 

6.3*6 

-6.674 

•2.33 

4.25 

5.29 

6.566 

•.639 

-6.679 

•2.34 

4.25 

7.63 

6.6*2 

6.692 

-6.69* 

•2.33 

5.29 

8.33 

(.643 

(.762 

-6.118 

•2.36 

7.63 

13.24 

(.697 

(.846 

-6.146 

•2.37 

6.33 

14.63 

(.764 

6.978 

-6.216 

•2.38 

13.24 

13.93 

(.651 

1.123 

-6.273 

12.39 

14.65 

21.67 

(.9*4 

1.284 

-6.3N 

•2.4* 

15.93 

24.32 

1.13* 

1.3*1 

-*.37» 

«2.4| 

21.67 

26.4* 

1.2(9 

1.744 

-8.434 

•2.42 

24.32 

36.16 

1.3*6 

2.6*6 

-6.3*2 

•2.43 

3J.  17 

42.96 

1.774 

2.4*6 

-•.632 

•2.44 

36.16 

43.39 

2.(72 

2.732 

-6.726 

•2.43 

42.96 

31.6* 

2.434 

3.226 

-6.792 

•2.46 

36.92 

1*6.66 

2.(64 

3.736 

-6.673 

•2.47 

33.(1 

1*6.6* 

3.363 

4.716 

-1.334 

•2.46 

166.66 

1*8.66 

3.737 

3.3*6 

-1.63* 
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x'=m$   «»  -m.  '«>,•«  •«« 


t:   4. 

•  M 

1  M 

• 

• 

I 

11. M 

1  M 

•  M 

• 

• 

• 

11   »• 

1  M 

1.  71 

1 

• 

• 

11.17 

•  M 

1.71 

• 

• 

• 

II. M 

•.S3 

1      I 

•  Ml 

HM 

«M 

II. M 

(.47 

•  71 

•  Ml 

•  M4 

-4.M4 

•2.M 

IS 

1     1 

1.111 

«.  :H 

4M 

•2.M 

•.47 

•.71 

1.113 

•.  :*1 

-1  •:] 

MM 

•.53 

1.43 

•.117 

••15* 

«■ 

•2.11 

1.47 

1.43 

l.|4« 

1.15* 

-1.1:1 

•       • 

1.11 

1.43 

1.122 

1.141 

-•.••7 

•ill 

1.33 

1.43 

1.14? 

1.141 

-1.K2 

«.JJ 

l« 

l.U 

1.211 

•  .Ml 

-*.1H 

•2. 23 

l.B 

1.43 

•  124 

•  Ml 

-l.MJ 

•2.24 

*.« 

l.M 

1.254 

1.444 

-1.153 

•2.2* 

1.33 

l.M 

1.3*1 

1.414 

-1.M4 

«.n 

2.4! 

1.17 

1.257 

•  ill 

-1.142 

•2.25 

1.71 

1.17 

!.» 

1.411 

<M 

12.24 

2.51 

i.n 

«.2M 

1.**] 
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•.Ml 

•2.2J 

•.:• 

«.  :t 

•  M3 

•  .Ml 

).M2 

H.it 

:.37 

111 

4.N7 

I.M3 

•  M2 

xli: 

2.34 

:.U 

I.42I 

».M7 

1.114 

ti.ii 

2.54 

2.23 

4.44* 

•.•2* 

1.(2* 

•2. 33 

4.:« 

2.23 

4.172 

1*49 

«.*24 

•2.34 

7.47 

2.14 

«.::3 

•.Ml 

«.*42 

•2.13 

:«.23 

4.73 

LlM 

t.m 

•  Ml 

•2.34 

:5.51 

i.H 

•  212 

1. 141 

•  .124 

•2.37 

15.51 

12.11 

•    441 

•.235 

».  :74 

•2.34 

15.51 

12.11 

•  5*1 

•  .344 

•  2*5 

tt.31 

21.12 

12.11 

1.744 

•  5M 

•  252 

•<44 

25.45 

11.23 

4.944 

(.421 

•  .331 

•2.41 

31.31 

22.13 

1.223 

«.tl2 

1.411 

•2.42 

33.41 

24.44 

:.534 

l.**l 

•  .493 

•2.43 

42.:3 

33.  «7 

1.111 

1.323 

•  344 

«.** 

54.71 

31.24 

2.313 

..434 

(.437 

•2.43 

5*.44 

44.41 

2.12* 

2.*4| 

urn 

•2.44 

MM 

5:. 41 

3.347 

2.321 

1.131 

•2.47 

M.M 

MM 

4.347 

3.U3 

:.3:3 

•2.44 

MM 

MM 

4.517 

l.ltl 

1.313 
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STXH«T!C  DOMINANCE  C0*MISO*i 
BETWEEN  no  TnE0T«£nT  MO  PnOTECTOnt  .  aaj)TM|0N 


STOCHftSTIC  00«!NftNCE  CXCflNlSON 
BETWEEN  NO  THfl'XNT  MO  BTOTCCTftxT  -  COWWlfOS  WW. 


3rO0.    of  Bi-03.    Of 

•w  frt. 

■ill 

OJTC0«ES 

no  trt 

•*U 

a«E<i  •  a 

a«Eo  •  B 

0-8 

•  1.46 

t.N 

8.88 

8 

8 

8 

11. J7 

I.M 

8.88 

8 

8 

8 

•  1.88 

1.41 

1.68 

8 

1 

1 

•2.23 

1.48 

1.68 

8.495 

8.594 

-8.899 

•2.2* 

'..48 

1.68 

8.569 

8.611 

-8.182 

•2.25 

6.6* 

3.11 

8.519 

8.623 

-8.184 

•2.26 

6.72 

3.34 

8.579 

8.651 

-•.•72 

12.33 

6.72 

3.34 

1.873 

8.897 

8.176 

il.i* 

6.72 

3.3* 

1.123 

8.922 

8.281 

•2.35 

11.96 

♦  .77 

1.287 

8.964 

8.2*3 

•2.36 

11. % 

♦.77 

.1.327 

1.812 

8.31S 

•2.37 

12.84 

5.(8 

1.447 

1.859 

8.387 

•2.38 

13.4* 

6.69 

1.567 

1.169 

8.458 

•2.39 

16.24 

18.83 

1.781 

1.176 

8.525 

•2.** 

23.87 

14.81 

1.864 

1.277 

8.587 

«.»1 

36.77 

23.38 

2.894 

1.425 

8.678 

H.* 

36.85 

23.61 

2.*62 

1.659 

8.684 

»2.*3 

36.93 

35.39 

2.867 

1.918 

8.949 

•2.44 

43.76 

36.33 

3. 288 

2.237 

8.963 

«2.»5 

51.82 

11.31 

3.637 

2.6M 

1.837 

•2.46 

61.61 

53.41 

4.1*8 

3.813 

1.135 

12.47 

61.69 

56.34 

4.751 

3.537 

1.215 

•2.48 

188.88 

1M.88 

4.856 

3.632 

1.22* 

1 

Voo.     Of    (>r03.     of 

No   Trt. 

■etivl 

0UTC0»ES 

no  Trt 

■etnyl 

MES  •  -  1 

1»E8  •  B 

M 

11.86 

8.8* 

1.68 

8 

8 

6 

•  1.87 

8.88 

1.68 

8.888 

8.813 

-8. 613 

•  1.88 

1.48 

1.68 

8.8«t 

8.828 

-8.828 

•2.23 

1.48 

3.11 

8.493 

8.622 

-8.127 

•2.2* 

1.48 

3.3* 

8.589 

8.653 

-47.144 

•2.25 

6.6* 

3.3* 

8.519 

8.678 

-8.158 

•2.26 

6.72 

3.3* 

8.579 

8.788 

-8.129 

•2.33 

6.72 

«.77 

1.873 

8.933 

6.128 

•2.3* 

6.72 

».77 

1.123 

8.989 

6.13* 

•  2.33 

11.96 

3.88 

1.287 

1.8*9 

6.159 

•2.36 

11.96 

6.69 

1.327 

1.899 

6.228 

•2.37 

12.84 

18.85 

1.447 

1.166 

6.261 

•2.38 

13.44 

14.81 

1.567 

1.266 

6.381 

82.39 

16.24 

23.38 

1.781 

1.414 

6.287 

•2.48 

23.87 

23.6! 

1.864 

1.648 

6.216 

•2.41 

36.77 

23.84 

2.894 

1.884 

6.216 

•  2.42 

36.8! 

36.33 

2.462 

2.122 

6.348 

•2.43 

36.93 

41.31 

2.667 

2.322 

6.343 

•2.44 

43.76 

42.74 

3.288 

2.894 

6.386 

•2.45 

51.82 

33.64 

3.637 

3.321 

6.316 

•2.*6 

61.61 

188.88 

4.1*8 

3.638 

8.298 

82.47 

61.69 

188.88 

4.751 

4.638 

-8.686 

•2.44 

188.  M 

1N.N 

*.S56 

3.888 

-8.131 

STX**TIC.  00"!na*CE  C0**O»!SC* 
BETWEEN  SWTECTIXT  .  «ftj>r-!0N  UnJ)  o^TECTftxT  -  C-.OWY'IPOS  «Et»T'. 


( 

■too.    Of  1 

>ro0.    of 

Nal< 

■ethyl 

OUTCOMES 

•III 

■Htnyl 

AREA  •  fi  --'•  -  •  B 

0-B 

•  1.86 

6.86 

1.68 

6 

6 

( 

•  1.87 

6.88 

1.66 

8.888 

6.613 

-(.(13 

•  1.88 

1.68 

1.68 

8. 868 

6.628 

-6.828 

•2.23 

1.66 

3.11 

6.594 

6.622 

-8.828 

•2.24 

1.68 

3.34 

6.611 

6.633 

-6.6*2 

•2.23 

3.11 

3.34 

6.623 

6.676 

-4.655 

•2.26 

3.34 

3.34 

6.631 

6.786 

-6.857 

•2.33 

3.34 

4.77 

6.697 

6.933 

-8.856 

•2.34 

3.34 

4.77 

6.922 

6.989 

-8.867 

•2.33 

4.77 

3.88 

6.964 

1.8*9 

-6.665 

•2.36 

♦  .77 

6.69 

1.612 

1.(99 

-8.887 

•2.37 

5.88 

16.83 

1.(39 

1.166 

-8.186 

•2.38 

6.69 

14.81 

1.189 

1.266 

-8.157 

»2-39 

16.63 

23.38 

1.176 

1.414 

-6.236 

•2.48 

l«.81 

23.61 

1.277 

1.648 

-6.371 

•2.41 

23.38 

23.64 

1.423 

1.6*4 

-8.459 

K.^e 

23.61 

36.33 

1.659 

2.122 

-8.464 

•2-*3 

33.39 

41.31 

1.918 

2.322 

-8.684 

•2.44 

36.33 

42.74 

2.237 

2.694 

-8.637 

•2.45 

41.11 

33.64 

2.688 

3.321 

-8.721 

•2.*6 

53.41 

186.88 

3.613 

3.638 

-8.845 

•2.*7 

36.34 

188.88 

3.537 

4.636 

-1.361 

•2.46 

im.m 

188.68 

3.632 

3.8M 

-1.375 
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.3-     itcox  :*i-w  S-.oci«tt  i 


t:   14 

1   M 

1  M 

• 

I 

• 

i     «• 

1  M 

'« 

• 

1 

< 

11. M 

»4 

■« 

ut 

•  14 

-4.1:4 

«  .21 

.< 

•I 

•  «13 

1.411 

-•.  n3 

a.  i* 

•4 

i.a 

1.5*1 

•  .434 

«     « 

42.23 

4.4* 

i.*i 

•  5.1 

1.47} 

-4.  IU 

«.» 

4.77 

i.*i 

•.371 

•  in 

■4.114 

•2.13 

i.'? 

M7 

1.(73 

•  M 

•  .'.17 

42.3* 

4.7? 

MI 

l.lU 

1.113 

i.m 

12.33 

ii.  % 

2.17 

!.2*7 

•  112 

•  2-3 

•2  34 

ll.« 

1:1 

i.m 

LM 

•  343 

12.37 

:2.4« 

i.H 

UMI 

•.713 

•  413 

12.3* 

:J.m 

1.41 

i.547 

:.*3 

•  V> 

tt.n 

:4.2i 

:3.31 

1.7*1 

i.ia 

•  37l 

•2.** 

23.1? 

21. 17 

1.144 

1.241 

1.442 

W.»: 

*.n 

tx.u 

J.M4 

1.47] 

4.421 

I2.i2 

14.15 

Z-..YI 

2.*« 

1.U7 

•  .775 

«.«3 

14.  U 

n.n 

LH 

l.«l 

•  .9*3 

W.M 

•  J.  74 

n.il 

3.2M 

2.251 

(.1*1 

W.i3 

3:.« 

51. '3 

3.417 

2.471 

4.947 

12. *4 

41.41 

u.»» 

4.I4J 

3.2*7 

I.M 

w  .4! 

41.41 

M   M 

«.73i 

3.734 

:  1:3 

♦2.n 

MM 

M   N 

•  154 

3.9M 

•  93* 

roc -os-::  »:«"Ci 

:?*>— 

St* 

- 

<  !»o,?:'*<7  -  **j' 

•«i>  «•)  l|MM 

>»«4.     0'    »-»»      0' 

•*u     < 

HbmjM 

:xs 

•4l«         < 

M4J4M   *«.»  •  •  4*t4  •  • 

»-l 

tl.M 

I  M 

I  M 

• 

• 

• 

•  1.(7 

I  M 

•« 

I 

• 

I 

I.M 

I.U 

1.74 

MM 

•  •  I 

-•.•.4 

42.23 

:.U 

1.74 

MM 

1.411 

-».»*« 

12.21 

:.U 

2.24 

1.411 

•  454 

4.M 

«.a 

Lll 

t«l 

1.423 

1.4-3 

-*  »»i 

u. » 

3.3* 

e.«7 

•.43: 

I  413 

-4  4*1 

•  J.  13 

3.3* 

2.*7 

1  117 

•  n 

•  42: 

42.3* 

3.3* 

M7 

•  122 

•  •« 

«.*27 

12.33 

»,77 

Ml 

•  .M* 

•  132 

•  132 

12.11 

♦  .77 

3.11 

.  HI 

•  %2 

•  CM 

•2.37 

3.M 

».V 

1.151 

•  113 

•  144 

it.  a 

4.41 

L4I 

1.1*1 

1.4*3 

•  444 

ia.31 

n.e 

13.31 

1.  IT* 

1.121 

1.4*1 

12.1* 

14.11 

21.  17 

1.277 

1.241 

111 

42.11 

23.31 

2:.  31 

t.*n 

1.173 

-4  4*4 

•2*2 

21.4: 

21.31 

1.451 

1.417 

-1.421 

12. 13 

33.  J1 

37.21 

Mil 

\.m 

-4.M4 

12.  M 

34. 1J 

n.il 

2.237 

2.251 

-4.122 

»a.»5 

i:.3: 

5173 

2.4M 

2.47* 

■4  11 

«J.*4 

U»i 

31V 

3.1:3 

3.247 

-4. 11* 

12.  11 

54.3* 

IM.M 

3.537 

3.731 

-4.2M 

12.  H 

1M.M 

1M.M 

3.132 

3.1*4 

-*.27i 

rooosric  »:oc  :>*»:*> 
tc*i*  »iofEra»-  -  oumum  *ima  *•  '."is*' 


»*«4.   o' 

>»8e.  o' 

«M1»I 

I'CtKS 

«ttVl 

..    :.-     -*-   .   . 

44£fl  •  1 

4-1 

tl.M 

l.U 

4.M 

1 

• 

* 

11.17 

1.41 

1.71 

1.1:3 

I.M* 

1.1:3 

ll.M 

l.U 

1.74 

1.121 

1.1.4 

UMI 

12.23 

111 

1.7* 

1.422 

1.411 

-4.114 

42. 2i 

3.3* 

2.24 

1.451 

•  454 

-•.Ml 

12.25 

3.3* 

2.17 

1.471 

1.471 

•  MS 

12.24 

11* 

2.17 

I  H 

1.415 

1.1:3 

42.13 

1.77 

2.17 

1.153 

1.174 

1.177 

•2.3* 

1.77 

2.17 

1.1*1 

I.M5 

l.»«4 

12.13 

5.M 

2.97 

1.4*1 

1.912 

1.117 

42.34 

4.41 

111 

i.»n 

i.m 

•.  in 

»2.37 

:l.*5 

i.9« 

:.:44 

i.m 

•.172 

12.31 

14.11 

1.17 

1.244 

I.M 

•  223 

12.31 

23.31 

:lll 

l.Hi 

1.121 

•  217 

12.  * 

21.41 

21.17 

1.4*4 

1.241 

1.1*7 

u.  •  : 

21.4* 

21.11 

I.M* 

1.173 

L«|| 

12.*2 

34.13 

21.51 

2.  :22 

I.U7 

•  .•34 

12.13 

il.ll 

17.2* 

2.522 

:.Ri 

1.39* 

12." 

12.71 

'Ml 

2.H4 

2.251 

1.413 

12.*5 

50.4* 

51.73 

3.121 

2.471 

1.431 

12.*4 

MM 

511* 

3.  HI 

3.2*7 

1.43* 

12. 17 

M.M 

.M.M 

1.411 

3.734 

1.1*2 
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STOCHASTIC  DO«InAnCE  C0*A»ISON 
8£Ta££l  "0   THEATNjNT   AND  PROTECTANT   -   *AtATHlON 


stochastic  dominance  comparison 

BETWEEN  NO  T»tflT»£XT  (WD  PROTECTANT  -  OtfllOMIUJS  "ThYl 


Pros,    of  &T03.    of 

No  Trt. 

■ill 

OUTCOMES 

NO  fH 

'ill 

BREA  ■  0 

a»c;  •  b 

a-6 

•2.68 

I.M 

I.M 

1 

6 

1 

•2.69 

I.M 

l.N 

1 

6 

6 

I2.lt 

3.57 

7.14 

I 

6 

1 

12.24 

3.57 

7.14 

6.564 

1.168 

-6.544 

t2.27 

3.57 

7.14 

6.611 

1.221 

-6.616 

12.26 

3.9* 

6.24 

1.64] 

1.266 

-6.443 

12.?} 

7.51 

15.36 

1.695 

1.395 

-6.766 

12.  34 

12.75 

13.36 

6.766 

1.421 

-6.713 

•2.3* 

12.75 

15.36 

1.327 

2.167 

-6.841 

12.35 

12.75 

15.36 

1.422 

2.263 

-4.646 

•2.36 

17.99 

16.24 

1.562 

2.473 

-6.893 

i2.37 

17.99 

16.24 

1.761 

2.657 

-6.896 

«2. 3* 

46.33 

38.66 

1.696 

2.794 

-4.898 

•2.39 

44.72 

39.96 

.2.461 

3.266 

-6.879 

•2.** 

♦1.72 

39.96 

2.766 

3. 56* 

-6.873 

•2.41 

♦4.33 

42.49 

3.215 

4.679 

-6.844 

•2.42 

46.33 

♦2.49 

3.678 

4.364 

-6.424 

•2.43 

47.79 

»«.86 

4.142 

4.929 

-6.767 

•2.44 

5*.  13 

51.61 

4.447 

5.445 

-6.777 

•2.45 

41. 14 

44.74 

5.155 

5.969 

-6.754 

•2.46 

69.14 

46.14 

5. 835 

6.557 

-4.722 

•2.47 

73.14 

76.3* 

6.513 

7.224 

-4.711 

»2.4« 

:M.M 

1M.N 

6.637 

7.353 

-4.717 

ProD.    of   ProO.    Of 

No  Trt. 

•rtiyl 

OL<TCO"»£S 

No  Trt 

•etnyl     l 

WEA  ■  A  ODEA  •  B 

a-B 

12.66 

I.M 

7.14 

6 

6 

6 

»2.69 

I.M 

7.14 

6.M6 

6.634 

-6.654 

62.11 

3.57 

7.14 

6.6M 

6.118 

-4.116 

•2.26 

3.57 

6.24 

6.364 

1.263 

-4.741 

•2.27 

3.57 

15.38 

6.611 

1.347 

-4.736 

»2.26 

3.94 

16.81 

6.443 

1.465 

-4.442 

•2.29 

7.51 

16.61 

6.493 

1.749 

-1.414 

•2.31 

12.73 

16.61 

6.7M 

1.736 

-1.629 

•2.J4 

12.75 

16.24 

1.327 

2. 553 

-1.226 

•2.35 

12.75 

18.24 

1.422 

2.696 

-1.246 

•2.36 

17.99 

38.86 

1.562 

2.918 

-1.336 

•2.37 

17.99 

39.96 

1.761 

3.346 

-1.543 

•2.1* 

46.33 

39.96 

1.696 

3.666 

-1.716 

•2.39 

46.72 

42.49 

2.461 

4.1*3 

-1.743 

•2.46 

46.72 

42.49 

2.746 

4.424 

-1.718 

•2.41 

46.33 

46.88 

3.215 

4.933 

-1.746 

•2.42 

46.33 

51.61 

3.678 

5.424 

-1.746 

•2.43 

47.79 

64.76 

4.142 

3.94* 

-1.794 

•2.44 

54.13 

68.66 

4.667 

6.633 

-1.963 

•2.45 

68.64 

76.31 

5.155 

7.263 

-2. 1 1 1 

12.46 

69.14 

1M.M 

3.833 

8.628 

-2.193 

•2.47 

73.64 

1M.M 

6.513 

9.6M 

-2.4% 

12.48 

1N.M 

1M.M 

6.637 

9.178 

-2.541 

STOCHASTIC  DOMINANCE  C0"AA«tSON 
KTMEEK  PROTECTANT   -   NAtATHION  AND  PROTECTANT   .   C*.ORPYRirOS  "ETHYL 


>TO0.    Of   1 

>rot>.    of 

Mil 

•ttlyl 

OUTCOMES 

■ill 

«tt»yl 

area  •  a 

ansa  .  b 

8-6 

12.  U 

6.N 

7.14 

1 

* 

6 

•2.69 

6.M 

7.14 

I.M* 

6.(34 

-(.(54 

12.14 

7.14 

7.14 

6.444 

(.118 

-4.116 

•2.26 

7.14 

6.24 

1.146 

1.263 

-4.117 

•2.27 

7.14 

15.38 

1.221 

1.347 

-4.126 

•2.28 

8.24 

16.61 

1.216 

1.463 

-4.2M 

•2.29 

13.38 

16.81 

1.395 

1.7*9 

-4.314 

•2.34 

13.38 

16.61 

1.421 

1.738 

-4.316 

•2.34 
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2.4* 
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3.47 

3.2* 
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MM 

•2.32 

4.34 

3.5* 
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MM 

•2.33 

4.41 

3.5* 
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MM 

•2.3* 

4.41 

4.47 

».473 
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•2.33 
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4.531 
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•2.34 

15.43 

4.43 
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34.24 
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1.401 
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1.123 
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14.41 
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•2.43 

44.M 
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1.414 
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•2.44 
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3.211 
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3.7N 
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42.14 
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•2.31 

Ml 
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STOCHOSTJC  OOOINBHCE  C0-OOHIS0N 
BETMEEN  NO   TREATMENT  AND  PROTECTANT   -   NALATMION 


stochastic  ochinpnce  cd«m:son 

BETUEEn  NO  TKEflTnevr  0x0  PROTECTANT  -  CpLORPTRIPOS  •STmu 
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MM 

•HU 

1 
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No  Trt. 
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No  Trt 
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A-B 
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M 
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I.M 

8.M 

8 

8 

8 
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8.N 
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8 

4 

6 

•  1.87 

8.N 

S.N 

8 

8 

8 
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4.N 
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8.4N 

6.6N 

8.4N 
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8.99 

8.N 

8 

8 

8 
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8.99 

4.N 

4.4N 

4.4N 

8.6N 

•2.23 

8.99 

8.N 

8.349 

8.8M 

8.349 

♦2.23 

8.99 

6.62 

6.349 

S.N4 

6.349 

•2.24 

8.99 

8.N 

8.359 

8.8M 

4.339 

♦2.24 

8.99 

6.62 

4.359 

4.468 

6.294 

•2.25 

1.55 

6.82 

8.366 

8.8N 

8.366 

♦2.25 

1.55 

6.32 

8.366 

6.119 

4.247 

•2.26 

2.19 

6.82 

8.3M 

8.861 

8.319 

♦2.26 

2.19 

6.62 
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6.181 
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♦2.38 

2.19 

6.82 

8.475 

8.358 

8.117 

♦2.34 
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9.95 

6.475 

6.477 
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♦2.31 

2.19 

6.82 

8.497 
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-4.6M 
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♦2.32 
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6.763 
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•2.33 

5.18 

16.77 

8.578 

8.642 

-4.832 

♦2.33 

5.18 
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6.912 
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5.18 

16.77 

8.621 

8.769 

-4.144 

♦2.34 

5.18 

37.23 

6.621 
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-4.595 

•2.35 

8.87 

3».4! 

.8.672 

8.937 

-4.265 

•2.33 

6.87 

44.45 

6.672 

1.546 

-4.916 

•2.36 

7.44 

37.23 

8.741 

1.241 

-4.5M 

♦2.36 

7.44 

44.45 

4.741 

2.429 

-1.266 

•2.37 

8.81 

44.85 

8.815 

1.613 

-8.798 

♦  2.37 

8.8! 

44.45 

4.615 

2.469 

-1.654 

•2.38 

9.63 

44.85 

8.895 

2.834 

-1.159 

♦2.38 

9.63 

44.45 

4.895 

2.914 

-2.415 

•2.39 

11.25 

44.85 

8.992 

2.494 

-1.543 

♦2.39 
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54.N 

6.992 

3.3S4 

-2.359 

12.41 

11.88 

44.85 

1.184 

2.935 

-1.831 

♦2.48 

11.88 
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1.144 

3.894 

-2.766 

•2.M 

17.95 
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1.223 

3.375 

-2.152 
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74.24 

1.223 

».«34 

-3.267 

•2.42 

22.81 

54.  N 

1.482 

3.915 

-2.513 

♦2.42 
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84.15 

1.442 

5.132 

-3.736 
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»6.92 

78.28 

1.653 

4.549 

-2.856 

♦2.43 

46.92 

94.18 

1.653 
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-4.361 
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68.38 

88.15 

2.876 

5.141 

-3.465 

♦2.44 
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6.625 

-4.749 
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6.82 
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16.77 
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44.85 

1.241 

2.429 

-4.786 
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I 
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i.l' 

I.M 
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I 
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i.M 

I.M 
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I.M 
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12.21 
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1.17 
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♦2.24 
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2.11 
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►.12 

2.11 
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MM 
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•2.31 

4.12 

5.22 
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1.243 

1.1C 

12.12 

1.13 

4.34 

1.177 

1.1*1 

1.171 

♦2.33 
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4.34 

1.442 

I  14* 

MM 

•  2.1* 
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1.24 

1.711 

1.4*7 
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•2.13 
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11.  a 

1.117 

•  3*1 

4.317 

♦2.14 

r.2i 

11.3* 

I.2H 

14** 

•  317 

12.17 

M.I3 

12.3: 

:.4H 

•  741 

•  154 

•2.11 

♦i.»5 

11.17 

2*3* 

1.443 

1.111 

•2.11 

41.13 

»  M 

2.114 

1.1:1 

1.474 

•2.  »l 

11. 0 

2:. 11 

2.113 

1.131 

1.771 

•2.41 

S.  M 

21.22 

1.173 

M72 

2.1*4 

♦2.42 

3*.  M 

41.94 

1.113 

1.41* 

2.1*1 

•2.H 

74.24 

41.12 

•  3*1 

2.  :4J 

2.>4 

11.44 

M.  13 

73.27 

11*1 

2.7J1 

2.442 

♦2.43 

M.I* 

14.31 

V9*2 

3.492 

2.43* 

♦2.44 

94.  M 

12.74 

4.  Ml 

1.217 

2.544 

•  2.17 

94.1* 

:M.M 

7.374 

4.  til 

2.432 

•2.  U 

IM.M 

.M.M 

1.271 

3.(41 

2. 41* 
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•  1.17 

LM 

I.M 

LM* 

LM* 

4.4M 

turn 

I.M 

I.M 

I.M* 

LM* 

LM* 

♦2.23 

I.M 

4.12 

I.M* 

L4M 

LM* 

•2.24 

LM 

4.12 

I.M* 

IK* 

-I.M* 

•2.23 

4.12 

4.12 

LM* 

1.111 

-4.111 

•2.24 

4.12 

4.42 

I.Kl 

l.lll 

-4.111 

•2 .1* 

4.42 

1.13 

1.33* 

1.477 

-4.111 

♦2.11 

4.42 

14.77 

1.424 

L577 

-4.151 

•2.12 

1.15 

14.77 

i.4n 

1.7*3 

-4.223 

•2.11 

14.  77 

3*.  41 

1.4*2 

4.112 

-4.31* 

•2.14 

14.77 

37.2J 

4.741 

LM 

-•.♦47 

•2.13 

3*.4I 

44.15 

4.137 

1.5M 

-4.431 

•2.34 

37.23 

4*.«5 

1.241 

2.»21 

-*.7M 

•2.17 

44. r 

44.  e 

1.(13 

2.4(1 

-4.154 

•2.31 

44.(5 

44.  IS 

2-*34 

2.111 

-4.134 

•2.11 

44.15 

54.  M 

2.414 

3.33* 

-LIS* 

•2.4* 

44.  e 

54. M 

2.133 

3.  M 

-4.154 

•2.41 

34.  M 

71.2* 

3. 373 

4.43* 

-1.153 

•2.42 

3*.M 

M.1S 

J.  IIS 

5.132 

-1.2:7 

•2.43 

71.2* 

11 

4.5*1 

4.114 

-1.5*3 

•2.44 

M.  13 

94.  M 

3.141 

4.123 

-1.4*4 

•2.43 

M.1* 

94.9* 

5.142 
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•2.44 

94.M 
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4.M3 
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•2.47 
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;M.M 
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-I.K3 
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STOCHASTIC  DOKINWCE  COMPARISON 
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1.  Mi 

•2.34 

1.27 

4.1« 

4.  Ml 

(.415 

-(.M3 

•2.34 

1.17 

1.14 

•  444 

•  ,M 

•  M4 

•2.34 

1.27 

22.24 

•  M* 

(.5:5 

-(.«7 

•2.37 

ue 

U14 

1.  ill 

(.Hi 

•  •:( 

•2.37 

1.27 

■.« 

(.111 

(  '34 

-4.437 

•2.3* 

X37 

22.21 

l.n* 

•  •) 

•.(ii 

•2.34 

3.J7 

24.42 

(.11* 

(.141 

-4.447 

•2.31 

3.17 

22.21 

1.14! 

•  324 

-*.  Ul 

•2.31 

3.(7 

33.42 

ft  141 

1.2*3 

-1.4U 

«.«( 

4.34 

24.  W 

(.  >•* 

(.1*4 

-4.334 

•2*( 

4.3* 

3X*2 

I.1M 

1.371 

-1.3*1 

•2.4! 

::.33 

33.42 

(.241 

1.433 

-(.371 

«.«1 

11.33 

33.42 

(.241 

1.113 

-1.4U 

«.« 

33.42 

(3*4 

l.MJ 

-(.7J3 

U.*Z 

11.(7 

11.42 

(.3*4 

I.  :4* 

-I.C4 

M.4J 

:».13 

11.  *i 

(.** 

L3M 

-l.MJ 

*2.»3 

14.  fl 

■.41 

MM 

2.342 

-2.443 

«.•♦ 

14.  n 

n.4i 

(.4*4 

:.433 

•:.  ;M 

•  2.** 

l«.13 

■41 

(.4*4 

2.144 

-2-32* 

•2*3 

:..«3 

■.41 

•    *.?13 

LlH 

-l.]7« 

»2.»3 

14.43 

31.34 

1.713 

3.334 

-2.533 

•2.44 

:?.*3 

■.41 

(«5 

).» 

-1.3*4 

»2.*t 

IT.M 

1M.M 

(.135 

3.7*4 

-i.rm 

«.♦? 

iJ.H 

31.54 

1.122 

2.131 

-1.444 

•2-»7 

23.(1 

1M.M 

1.122 

«.724 

-3.4*3 

M.M 

M  M 

:M.M 

1.143 

2.117 

•1.433 

(1.41 

1M.N 

IM.M 

1.143 

4.M 

-3.733 

•x-«- 

IMuMtl  :o*«»:si>< 

S-X-*ftSTI 

m»,.'*<£  :>**viis» 

KMI-i  « 

•".»•*» 

t  a*  c^:s*it 

KT»€£ 

»  MPKNM  -  «*J>7«!0.  o*A  Cl"16*« 

>*oo.  o' 

>>-oo.  of 

«0    M. 

"iai;u<( 

5>-oj.  of  s>»w.  of 

4*1. 

:i«!;««t 

»rca«e$ 

•w   'rl. 

MigtM 

5«ts  •  a 

Wfi  •  1 

»-l 

OUTOKS 

MU 

aai;<nt 

ivjt  •  a 

Mia  •  i 

a-i 

•2.27 

(M 

t.M 

I 

( 

• 

•2.27 

4.M 

i.M 

( 

( 

( 

M.M 

•  M 

:.i« 

( 

( 

• 

•2.21 

t.M 

1.1* 

( 

i 

( 

•2.21 

1.13 

:.17 

•  M* 

(.(:» 

-*.(!» 

•2.21 

1.1* 

1.17 

(Ml 

(.(i« 

-(.(:« 

•2.3* 

1.27 

1.17 

(.Ml 

(.C7 

-4.(14 

•2.34 

1.14 

1.11 

(  M2 

(.C.7 

-*.*:! 

•2.3* 

1.27 

1.17 

(.4U 

(.132 

-(.44* 

•2.34 

1.14 

1.17 

1   M 

•  IV 

-(.(72 

•2.37 

:.V 

5.11 

(.1(1 

(.172 

-4.(71 

•2.37 

I.I* 

3.41 

(.Ml 

1.172 

-4.  Ml 

•CM 

3.37 

ft,  II 

(.i:« 

(.22( 

-4.11* 

•2.31 

22. 2( 

ft.ll 

(.1(3 

l.22( 

-*.  123 

n.n 

5.17 

1. 13 

1.141 

(.2*4 

-4.1»3 

•  2.31 

22.21 

(.13 

1.324 

(.2M 

(.434 

•2.44 

4.3* 

11.41 

(.141 

(.371 

-4. 171 

M.4J 

■.41 

11.  44 

(.3*4 

(.371 

(.in 

•2.*! 

11.53 

11.42 

(.241 

(.04 

-4.223 

♦2.»1 

33.  »2 

11.12 

1.433 

(.444 

(.3*4 

K.H 

11.17 

13.73 

(.3*4 

1.575 

-4.227 

ti.*i 

33.42 

13.75 

I.M3 

4.373 

(.3M 

•2.41 

:».13 

13.73 

•  «% 

ft.  Ml 

•  234 

V2-*3 

33.42 

13.75 

1.5*1 

(.7*7 

4.754 

•2.44 

i».i3 

13.24 

I.WI 

(.444 

-4.231 

•2.4* 

33.42 

13.24 

1.435 

(.444 

(.«! 

•2.43 

14.(3 

14.21 

i.ris 

1.(37 

-(.2*2 

♦2*3 

34.42 

11.21 

2.141 

1.437 

1.133 

•2.4* 

IT.H 

23.21 

(.TO 

1.2*1 

-(.2*» 

•2.»4 

3*.»2 

23.21 

2.55* 

1.2M 

1.33* 

•2.47 

23.  41 

MM 

1.122 

1.427 

-4. 345 

•2.47 

31.54 

MM 

2.13* 

U*B 

1.5*3 

•2.44 

MM 

MM 

l.:4J 

1.397 

-(.434 

i2.*( 

1M.M 

IM.M 

2.117 

1.517 

!.»*• 

;•!:•««•::  »■:•**•:•  :imi:s» 
•TWEDi  Mnrnrra*:'  -  OOlPTIiros  «rwr.  inC  f^lb»*7 


5T0O*ST!C  DOItfK*  0>««*!SW 

iwa»  ottTTQrrpjrr  -  oAjirxKx  a*c  ovTEaaon  -  c>*j)»»»(:ris  *r-n 


»**».  of 

»»o«.   of 

^«»Tl 

ailtitt 

•  »• 

**t«t: 

'miitttt 

s«j  •  a  a*£a  •  i 

a-l 

•2.27 

• 

(M 

( 

( 

I 

•2.24 

ft.  H 

1.14 

(Ml 

(M* 

(.Ml 

•2.21 

4.1* 

1.17 

(M* 

(.(:« 

(.(>( 

•2.3* 

4.1* 

1.17 

(.(15 

(.(17 

(.*n 

•2.34 

22.21 

1.17 

•.SIS 

(.132 

(.343 

•2.37 

22.2* 

3.6: 

*.73« 

(.172 

(.544 

•2.3* 

24.42 

4.  It 

(.Hi 

t.lii 

(.713 

•2.31 

13.42 

(.13 

1.2*5 

(.2* 

(.133 

«.»• 

U.*l 

11.(1 

1.571 

•.371 

1.24* 

»2.»l 

13.42 

11.42 

1.113 

(.444 

l.»27 

•2.42 

31*2 

1175 

2.144 

(.375 

1.3*1 

»2.«3 

34.42 

:3.73 

2.3*2 

(.747 

1. 433 

•2.4* 

34.42 

13.2* 

2.144 

(.4*4 

2.M2 

•2*3 

31.34 

14.2* 

3.33* 

1.(37 

2.313 

•2.44 

:M.M 

2X21 

3.744 

I.2M 

2.3*4 

•2-W 

MM 

IM.M 

♦  .724 

l.*27 

3.2W 

•2  «* 

IM.M 

IM.M 

<  1*4 

1.317 

3.211 

araxs 

U.l 

•^•"yl 

a«a  •  a  a«ta  •  i 

a-l 

•2.27 

*.*• 

1.14 

t 

( 

( 

•2.21 

(M 

i. ;« 

(.(*• 

(Ml 

-(.Ml 

•2.21 

1.14 

4.14 

(M* 

(M* 

-(.M* 

•2.3* 

1.14 

4.M 

(M£ 

(.(93 

-*.«3 

•2.34 

1.14 

22.21 

(.M* 

(.315 

-1.413 

•2.37 

1.14 

22.21 

(.(11 

(.73* 

-».4*4 

•2.3* 

22.2* 

21.42 

(.1*3 

(.1*1 

-«.*st 

w.n 

22. 2( 

3X42 

(.324 

1.2*3 

■MM 

•2*4 

24.42 

1X42 

(.34* 

1.571 

-1.(31 

«.«! 

33.42 

1X42 

(.133 

1.113 

-l.Ml 

U.iZ 

33.42 

31.42 

l.MJ 

2.14* 

-I.Ml 

•2.»3 

33.42 

14.42 

1.3*1 

2.3*2 

-l.Ml 

•2.44 

3X42 

J*.*2 

1.433 

2.144 

-1.131 

«.»3 

31.42 

31.5* 

2.1(1 

3.33* 

•ft,  Ml 

•2.44 

34.42 

.MM 

2.55* 

3.7*4 

-l.lV 

42.47 

31.54 

IM.M 

2.13* 

«.72ft 

-1.7% 

•2.44 

MM 

IM.M 

2.117 

•  (14 

-i.m 
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S«cone  Decree  S'.odntic  Dominance  Criterion  for  tit  Jimijry 
Suole  Perioc  W>»n  «oi»ture  Content    11  -HI   THjn  or  Eoiu!    t 


STOCHASTIC  DOMINANCE  CO«OA«ISON 
BETWEEN  "<0  TD£flT«£NT   8*0  PDOTECTANT   -   NAlATHION 


STKHASTIC  DOMINANCE  CCWWISO" 
BETWE-N  NO  T*EAT»£HT  M  P«T£CTft«.T  -  CfJIW»«Ir0S  "Tr«»L 


Proa,    of  Proo.    of 

No  Trt. 

tali 

OUTCOMES 

to   Trt 

N*U 

3HEA  ■  0 

a*£A  •  8 

A-B 

•2.33 

I.M 

I.M 

1 

1 

1 

•2.41 

I.N 

I.N 

I 

1 

1 

•2.41 

I.S 

I.N 

I 

1 

1 

•2.42 

5.72 

I.N 

1.115 

I.IN 

1.115 

•2.43 

11.28 

I.N 

1.172 

I.IN 

1.172 

•2.44 

11.88 

I.N 

1.175 

I.NI 

1.175 

•2.45 

17.52 

I.N 

1.233 

I.N* 

1.233 

♦2.46 

23.6* 

I.N 

8.468 

»  m 

1.468 

12.47 

25.12 

I.N 

I.7N 

I.NI 

I.7N 

12.41 

1M.N 

1M.M 

1.742 

I.MI 

1.742 

a-b  oirrcoxs 


--:-  •  a  -■-.- 


♦2.33 

I.N 

I.N 

1 

• 

1 

12.41 

I.N 

I.N 

I.M 

I.M 

I.NI 

12.41 

1.52 

I.N 

I.NI 

1 

**) 

I.NI 

12.42 

5.72 

I.M 

1.115 

I 

eN 

8.115 

•2.43 

11.28 

I.N 

1.172 

1 

** 

1.172 

12.44 

11. M 

I.N 

1.175 

1 

m 

1.175 

♦2.45 

17.52 

I.N 

1.233 

• 

** 

1.233 

♦2.46 

23.61 

1N.N 

1.468 

1 

*<* 

1.468 

♦2.47 

25.12 

1N.N 

I.7N 

1 

9M 

-I.2M 

♦2.48 

1N.N 

1N.N 

1.742 

I 

:u 

-I.4U 

STOCHASTIC  D0"I»AnCE  C0WW1ISON 
BETWEEN  "0  T»£flT«£xT   (WO  FU«16«HT 


♦2.33 

I.N 

I.N 

1 

1 

1 

♦2.41 

I.N 

1.52 

1 

1 

1 

♦2.41 

1.52 

3.33 

I.IN 

1.115 

-1.115 

♦2.42 

5.72 

8.43 

MIS 

1.155 

-1.139 

♦2.43 

11.28 

3.11 

1.172 

1.139 

-1.167 

♦2.44 

11.81 

12.34 

1.175 

1.231 

-1.854 

♦2.45 

17.52 

13.12 

1.233 

1.353 

-1.166 

♦2.46 

23.61 

21.54 

8.468 

1.549 

-8.  HI 

♦2.47 

25.12 

188.  H 

I.7N 

1.758 

-1.851 

♦2.48 

1N.N 

1N.N 

1.742 

1.921 

-1.178 

STOCHASTIC  DOMINANCE  CC*PA«!S0« 
BETWEEN  PROTECTANT  -  nAlATHIOn  AnO  F1MGMT 


Proo.    of  Prop,    of       N» 
0UTC0»ES       *4U       Fuatgmt  MSB 
I.N  I.N 

I.N  1.52 

I.N  3.93        I 

B.N  8.49        I 

I.N  9.11         I, 

I.N  12.94 
I.N  19.12 
I.N  21.54 
I.N  1M.M 
1N.N       1N.H 


♦2.39 
♦2.41 
♦2.4! 
♦2.42 
♦2.43 
♦2.44 
♦2.45 
♦2.46 
♦2.47 
♦2.48 


t.iH 
it* 
I.  IN 


Pimijint 

i  ana  ■  B 


1.115 
1.155 
1.139 
1.231 

1.359 
1.549 

1.75* 
1.921 


STOCHASTIC  DOMMCE  COWQIISON 
BEtw£En  PROTECTANT  -  CH.0ROYRlc0S  "EThyi. 


STOCHASTIC  DOMINANCE  CD*A«IS0N 
BETWEEN  PROTECTANT  -  NALATX10N  ANO  PROTECTANT  -  OUtmiRI  "ETHn. 


OOTCC-ES 

N^lyl 

wtqtnt 

a»EA  .  a  area  .  b 

a-B 

♦2.39 

I.N 

I.N 

i 

1 

1 

♦  2.4| 

I.N 

1.52 

I.N* 

I.NI 

I.IN 

♦2.41 

I.N 

3.93 

I.IN 

1.115 

-1.115 

♦2.42 

I.N 

8.49 

I.NI 

1.155 

-1.155 

♦2.43 

I.N 

9.11 

I.IN 

1.133 

H.133 

♦2.44 

I.N 

12.34 

I.NI 

1.231 

-8.231 

♦2  »5 

I.N 

13.82 

I.NI 

1.339 

-8.333 

♦2.46 

1N.N 

21.54 

I.NI 

1.543 

-1.543 

♦2.47 

1N.N 

1N.N 

I.3N 

I.738 

1.231 

•2.48 

1N.N 

1N.N 

1.15* 

1.321 

1.231 

OUTCOMES 

•ili 

«ttnrl 

flDEo  •  a 

♦2.33 

I.N 

I.N 

i 

♦2.41 

I.N 

I.N 

I.NI 

♦2.41 

I.N 

I.N 

I.NI 

♦2.42 

I.N 

I.N 

I.NI 

♦2.43 

I.N 

I.N 

I.NI 

♦2.44 

I.N 

I.N 

I.NI 

♦2.45 

I.N 

I.N 

I.NI 

♦2.46 

I.N 

1N.N 

I.NI 

♦2.47 

I.N 

1N.N 

I.NI 

♦2.48 

1N.N 

1N.N 

I.Nt 
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S*r»<e  )*r-M  >ioc-.>  •     •  »-»«  'or  <•>»  :*+*', 

■      t      .        .      .    ,      «      ■        .  .  >    ...    r-         ,         # 


i-oc^::  9»i«x£  co*o«:s9i 


'^Xi 

«  ta 

■•  • 

uta  .  a  mu  .  i 

H 

X'C«S 

««>  M 

d 

MX*  •  4  44U  •   1 

4-1 

42.2* 

•  M 

1  M 

1 

• 

i 

a.a 

I.M 

1  M 

I 

I 

1 

42.27 

1  M 

1  M 

1 

• 

• 

•2.27 

I  M 

•  M 

• 

•  Mt 

I  *M 

W.M 

•  13 

I  M 

• 

1 

I 

•2.21 

IB 

I  M 

•  4M 

I.M* 

•  M* 

W  J* 

I.B 

•  M 

ia 

•  ,M 

da 

•2.  J* 

1.33 

D 

1  M* 

I.IM 

I  *M 

•2.1: 

4  33 

1  M 

tai 

1  4M 

■.at 

•2.U 

4.B 

7.21 

I  1:2 

4. 41* 

I.MI 

W.12 

;.:3 

H 

I  •  :« 

I  *M 

•  i  • 

•2.32 

I.U 

7.21 

(.•!« 

4*45 

-t.m 

w.ii 

1.43 

r.a 

tai 

l.l;J 

•  1:5 

•2.33 

I.U 

a* 

•  424 

4.154 

-*.  12* 

•2.H 

I.U 

r.a 

ia 

•  Mi 

«  n 

•2.34 

1.43 

11.5* 

1  4*3 

4.212 

-4.2*7 

•2  33 

t« 

1 13* 

I.Kl 

1.131 

-4.M7 

•2.33 

2.44 

2*.  11 

I.M1 

1*2) 

-4.144 

•2.14 

3.2* 

:15* 

in 

*.n* 

-l.2*4 

•2.14 

5.2* 

11.5* 

I.IM 

4.413 

-4.5*5 

•2  J* 

».I5 

n.u 

i.  in 

».]% 

-♦.2*7 

•2.37 

4.43 

11.  J* 

4.121 

4.112 

-I.MI 

w.j* 

ta 

n.s* 

i.  in 

1.3*1 

-4.JV 

a>a 

1.5* 

11.5* 

l.lll 

I.2M 

-I.M* 

•2.31 

I.U 

31.5* 

1.32* 

l.lll 

-1.717 

•2.31 

1.5* 

«:.U 

4.12* 

1.421 

-1.5*1 

•2.4* 

1.5* 

31.5* 

••.♦:i 

1.5:1 

-I.M7 

•2.M 

1.5* 

41.44 

4.«:i 

2.2J1 

-1.421 

•2.41 

i«,a 

•  I.U 

kSU 

I.MI 

-1.317 

a>«i 

i».n 

4*.  13 

4.5:2 

2.434 

-2.:** 

•2.42 

II: 

u,a 

in 

I.  ilk 

-1.47* 

•2.42 

II: 

a.  a 

4.454 

1.1*3 

-2.*M 

•2.4.) 

M.19 

»*.n 

llu 

2.7*2 

-Mil 

a.  4i 

24.73 

57.24 

4.4** 

1.4*5 

-2.4*2 

•2.44 

21.11 

•i.w 

'..Ml 

1.22 

•1.1*1 

«.« 

21.  U 

a.*i 

1.411 

«.2:4 

-1.127 

•2.43 

14.  *» 

a.a 

tat 

1712 

-2.341 

»i«j 

14.  *i 

a.4i 

1.1*2 

♦  .422 

-l.»** 

11.41 

M.4I 

a.«i 

1.7*7 

*.1*3 

-2.337 

(2.44 

««  ** 

IM.M 

1.7*7 

5*24 

-1.471 

•2.47 

32. 12 

44.41 

2.  1*3 

».M7 

-€.  71* 

•2.47 

52.12 

IM.M 

2.141 

4.4* 

-4.221 

•2.4* 

;M.M 

:M.M 

2.272 

•  Ml 

-2.721 

a.a 

IM.M 

IM.M 

2.272 

4.574 

-*.1*3 

5tp«s-::  5»:«*e  :>««!s.> 

i  *€  S40TECTOXT  -  PtSWII-TS  •rr-fi. 


OTOXS 

«*.* 

*rt^yl     * 

Vfi  •  a  a 

*E*  •  1 

a-i 

12.24 

I.M 

I.M 

1 

I 

1 

42.27 

I.M 

I.M 

1 

I.M* 

I.MI 

K.H 

I.M 

I.M 

I.M* 

I.M* 

I.M* 

42.  J* 

I.M 

1.44 

I.M* 

I.M* 

I.M* 

•2.11 

I.M 

7.21 

I.M* 

III 

-l.l:l 

»2.12 

:.•* 

7.21 

I.M* 

i.tts 

-«.*43 

42.11 

7.21 

13.5* 

(.113 

1.134 

-4.143 

42.1* 

7.21 

13.54 

I.M4 

1.212 

-».2»* 

12.13 

ix  a 

2*.  41 

(.131 

1.427 

-4.244 

42.14 

11.54 

31.3* 
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4.M 

•  M 

•  Mt 

4.4M 

4.4M 

42.11 

•  M 

•  M 

I.M4 

•  4M 

I.4M 

•2.23 

•  M 

•  M 

I.M4 

•  .Ml 

•  4M 

•2.24 

t.M 

1.29 

•  4M 

4.4M 

•  4M 

42.23 

1  M 

1.29 

I.4M 

I.M2 

-I.M2 

42.24 

•  29 

(.17 

I.4M 

•  M4 

4M 

•2.27 

1.29 

1.17 

4.443 

4.4.5 

-4.412 

42.21 

1.17 

1.17 

•  MS 

4.421 

•4.411 

42.29 

1.17 

1.17 

•  4:4 

4.432 

-4.41* 

42.31 

4.17 

•  17 

4.425 

1.4*1 

-4.414 

42.31 

4.17 

1.17 

4.433 

1.4*9 

-4.114 

42.32 

4.17 

•  17 

4.4*4 

4.434 

-4.414 

42.33 

4.17 

1.45 

4.431 

l.M? 

-4.41* 

42.3* 

4.17 

1.43 

1.439 

4.  Ml 

-4.422 

42.35 

1.43 

2.43 

LIU 

•  194 

-4.421 

42.34 

1.45 

2.32 

•  443 

1. 114 

-1.433 

42.37 

2.43 

2.41 

4.497 

1.131 

-4  4*2 

12.31 

2.32 

3.11 

4.117 

1.145 

-4.4*4 

42.31 

2.41 

4.94 

4.14) 

4.117 

-4.437 

42.44 

3.11 

1.23 

1147 

4.2*7 

-4.  ;m 

•2.41 

4.9* 

I.J* 

4.191 

4.331 

-4.1*1 

•2.42 

1.25 

21.13 

4.241 

•  «5* 

-4. 1M 

42.43 

17.41 

29.*2 

1       » 

•  494 

-4.32* 

42. u 

21.13 

21.42 

4.521 

4.141 

-4.132 

42.«5 

21.42 

31.31 

4.74 

1.233 

-4.547 

12.44 

31.22 

MM 

1.M2 

1.431 

-4.4M 

12.«7 

41.3: 

M   M 

1.424 

2.431 

-LOT 

12.44 

MM 

:M.M 

1.757 

3.3M 

-:.5«3 
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Ooomdn  C-25:     itcoK  D«qr»«  Stoeintic  Ooainjnct  Crittricm  for  tie  «»rcn 
Suolt  Ptriod  Wie*  Hheit  Suihty  Is  Not  Siwcihrt 

STOCHASTIC  D0«[NANCE  CO**".  I  SON 
BETWEEN  NO  TREATlCNT  AND  fU»!GflNT 


Von.    of   OroO.    of 

No  Trt.   1 

:uai;int 

TCONES 

•to  Trt.   1 

.■    .1':    1 

IDEA  •   0 

94EA  •  B 

ft-B 

11.44 

I.M 

I.M 

8 

8 

8 

(1.87 

I.M 

8.26 

8 

8 

8 

ii. as 

8.84 

8.26 

8.888 

8.882 

-8.882 

ta.M 

t.M 

8.26 

8.8*8 

8.835 

-4.435 

♦2.69 

t.M 

8.52 

8.888 

8.857 

-8.857 

•2.11 

1.61 

8.52 

8. 888 

8.862 

-8.862 

•2.23 

LSI 

8.52 

8.879 

8.132 

-8.852 

♦2.24 

1.61 

8.52 

8.883 

8.137 

-8.851 

12.23 

I.M 

8.74 

8.898 

8.141 

-8.851 

♦2.26 

8.82 

8.74 

8.897 

8.158 

-8.833 

•2.27 

1.82 

1.28 

8.186 

8.157 

-8.832 

»2.28 

1.26 

1.46 

8.112 

1.166 

-8.853 

♦2.29 

1.86 

1.46 

8.127 

8.184 

-8.837 

♦2.36 

1.86 

1.46' 

8.146 

8.199 

-4.453 

*2.31 

1.88 

1.72 

8.163 

8.214 

-8.849 

12.32 

2.46 

1.72 

8.179 

8.227 

-8.846 

♦2.33 

2.46 

1.72 

8.218 

8.248 

-8.839 

♦2.34 

2.46 

2.17 

8.234 

8.263 

-4.831 

12.35 

2.98 

2.69 

8.259 

8.287 

-4.428 

♦2.36 

2.98 

3.41 

8.288 

8.314 

-8.826 

»2.37 

3.94 

4.67 

8.317 

8.348 

-8.831 

12.38 

4.76 

5.42 

8.336 

8.395 

-8.839 

•2.39 

4.98 

6.13 

8.484 

8.4*9 

-8.845 

♦2.44 

5.42 

11.36 

8.454 

8.518 

-4.857 

♦2.41 

11.62 

12.94 

8.514 

1.614 

-8.184 

(2.42 

12.33 

13.17 

8.628 

8.743 

-4.123 

♦2.43 

12.57 

24.98 

8.756 

8.888 

-4.132 

♦2.44 

34.25 

32.82 

8.869 

1.112 

-4.243 

♦2.45 

48.57 

41.48 

1.211 

1.432 

-4.221 

•2.46 

58.98 

41.71 

1.617 

1.847 

-4.234 

♦2.47 

51.12 

1*4.  N 

2.116 

2.256 

-4.144 

•2.48 

1M.M 

184.88 

2.458 

2.926 

-4.467 

°TO0.    of   Proo.    of 

Hill        ' 

'uaigint 

rcocs 

■41.       -j:jim   S«6  .  a  ssta  ■   8 

tn 

•  1.86 

8.84 

8.8* 

8 

8 

8 

•  1.87 

8.84 

8.26 

8 

a 

8 

•  1.88 

4.4* 

8.26 

8.884 

8.842 

-4.442 

•2.88 

4.4* 

8.26 

4.444 

8.455 

-4.455 

•2.89 

8.8* 

8.52 

8.8*8 

8.457 

-4.857 

•2.18 

8.4* 

8.52 

8.8*4 

4.462 

-4.462 

42.23 

4.4* 

6.52 

8.4*4 

8.132 

-4.132 

•2.24 

8.4* 

8.52 

8.8** 

6.137 

-4.137 

♦2.25 

8.8* 

8.74 

8.84* 

8.141 

-4.141 

•2.26 

8.29 

8.74 

8.8*8 

8.154 

-4.154 

•2.27 

8.29 

1.24 

8.643 

8.137 

-4.154 

•2.28 

8.67 

1.46 

4.445 

6.166 

-4.161 

•2.29 

8.87 

1.46 

4.416 

4.164 

-4.169 

•2.38 

8.87 

1.46 

4.425 

4.199 

-4.175 

•2.31 

8.87 

1.72 

4.433 

4.214 

-4.168 

•2.32 

8.87 

1.72 

4.444 

4.227 

-8.187 

•2.33 

8.87 

1.72 

4.451 

4.248 

-4.197 

•2.34 

8.87 

2.17 

8.459 

6.265 

-4.246 

•2.35 

1.45 

2.69 

8.866 

4.287 

-4.219 

•2.36 

1.45 

3.44 

8.663 

1.314 

-4.231 

•2.37 

2.83 

4.67 

6.897 

8.348 

-4.251 

•2.38 

2.32 

5.42 

6.117 

8.395 

-4.277 

•2.39 

2.61 

6.13 

6.141 

4.449 

-4.3*6 

•2.48 

3.19 

14.36 

1.167 

4.514 

-4.343 

82.41 

6.94 

12.94 

6.199 

4.614 

-4.415 

•2.42 

9.25 

13.17 

6.266 

4.743 

-4.475 

•2.43 

17.61 

24.94 

8.374 

4.864 

-4.518 

•2.44 

21.93 

32.42 

8.528 

1.112 

-4.564 

•2.45 

29.42 

41.48 

4.746 

1.432 

-4.665 

•2.46 

39.22 

41.71 

1.442 

1.647 

-4.645 

♦2.47 

49.31 

184.84 

1.426 

2.256 

-4.834 

•2.48 

IN.  88 

188.88 

1.757 

2.926 

-1.169 

STOCHASTIC  MdlNOjCE  COMMiSON 
BETWEEN  PROTECTANT  -  CHJJRPYRIFOS  *EThTI  AND  RJIIGftNT 


Oroo.    of  °roo.    of 

«ttNyl 

-M       ..-' 

OUTCOXS 

"ttnyl      1 

a»E»  •  a 

a*£A  •  8 

A-B 

11.86 

6.44 

8.84 

4 

8 

8 

•  1.87 

4.4* 

4.26 

8.844 

8.84* 

8.84* 

•  1.88 

4.44 

8.26 

4.444 

8.842 

-4.4*2 

•2.88 

8.84 

8.26 

8.84* 

8.835 

-4.455 

•2.89 

4.44 

8.52 

8.4*4 

8.837 

-4.457 

•2.16 

4.44 

6.52 

8.844 

8.862 

-4.*62 

•2.23 

4.4* 

8.52 

8.444 

8.132 

-4.132 

•2.24 

4.29 

8.52 

8.44* 

6.137 

-4.137 

♦2.25 

8.29 

8.74 

8.4*2 

8.141 

-4.138 

♦2.26 

8.87 

8.74 

4.4*6 

8.154 

-4.144 

♦2.27 

8.87 

1.24 

4.415 

4.157 

-4.143 

♦2.26 

8.87 

1.46 

4.421 

1.166 

-4.145 

♦2.29 

8.87 

1.46 

8.432 

4.164 

-4.153 

♦2.34 

8.87 

1.46 

4.441 

4.199 

-4.159 

♦2.31 

8.87 

1.72 

4.449 

4.214 

-4.164 

♦2.32 

8.87 

1.72 

4.436 

4.227 

-4.171 

♦2.33 

1.45 

1.72 

6.467 

4.244 

-4.141 

♦2.34 

1.43 

2.17 

8.441 

8.265 

-4.164 

♦2.33 

2.43 

2.69 

64% 

8.267 

-4.191 

♦2.36 

2.32 

3.46 

4.116 

8.314 

-4.194 

♦2.37 

2.61 

4.67 

8.139 

8.346 

-4.249 

♦2.36 

3.19 

5.42 

4.165 

8.393 

-4.229 

♦2.39 

6.94 

6.13 

4.197 

1.449 

-4.232 

♦2.44 

9.23 

14.36 

6267 

8.311 

-4.244 

♦2.41 

9.54 

12.94 

4.339 

8.614 

-4.253 

♦2.42 

21.93 

13.17 

8.454 

8.743 

-4.289 

♦2.43 

29.42 

24.94 

8.696 

8.866 

-4.192 

♦2.44 

29.42 

32.42 

4.961 

1. 112 

-4.152 

♦2.45 

39.31 

41.44 

1.253 

1.432 

-4.178 

♦2.46 

144.44 

41.71 

1.63* 

1.647 

-8.197 

♦2.47 

144.84 

144.44 

2.63* 

2.256 

6.374 

♦2.46 

144.44 

144.44 

3.344 

2.926 

8.3'4 
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•  tat****  'e-  ««•  •*** 

Ian  i««f«  f  mil  u  3* 


•£'*£»  <C  'W*iT  AC  MOTT*rt      -n 


X3»»i:il  ■r»*r. 


«W-:W 


11.11 

•  M 

I  M 

• 

1 

1 

• 

I  M 

t.M 

• 

I 

1 

M.M 

•  M 

•  M 

1 

I 

• 

M.U 

•  M 

1  M 

I  *M 

I.M* 

•  m 

•2.24 

I  M 

I  M 

1  M* 

I  Ml 

•  *M 

•2.23 

IN 

•  M 

IM 

1  «M 

•  M 

•2.24 

l.»4 

I.U 

•  M 

•  ,M 

•  M* 

•CJJ 

•  M 

I.I? 

•  #17 

I  *1 

♦  Ml 

U.il 

•  •> 

I.U 

•  *4l 

t.M* 

<M 

u  u 

lh 

I.I? 

(.(Si 

•  *u 

•4.(17 

•2.33 

3.17 

uu 

I     ( 

1  (4? 

III 

•2.3* 

IV 

I.U 

l  |«t 

•  <- 

1.1*7 

•2.33 

mi 

?.?♦ 

(.  :(t 

i. .« 

1.175 

•2.34 

«.ii 

?.?♦ 

i.za 

1.127 

1.1*2 

•2.37 

4.11 

?.?• 

MN 

1.  1 3* 

•.in 

•2.34 

5.75 

3.* 

i  m 

1.1-2 

(.154 

«.n 

4.51 

•  a 

»  us 

1.2*4 

*.|79 

•2.4* 

r.«j 

1.41 

l.»5l 

1     ■* 

1.2*1 

«.♦! 

i<  -i 

ii. a 

1.523 

urn 

1.215 

•2.42 

17.31 

14.51 

1.(1] 

1.411 

1.25* 

•2.43 

45.17 

♦«.«j 

1.443 

1.371 

l.2t* 

•2.4* 

-       • 

57. 21 

i.?n 

1.9*3 

I.U* 

•2.*3 

-3.M 

44.52 

1.115 

1.514 

I.J75 

lc'.«* 

74.44 

75.24 

2.42* 

2.2*1 

•.427 

•2.47 

71.19 

74.43 

3.2*1 

2.713 

1.434 

•2.4* 

:M.M 

>M.N 

3.  "1 

J.  335 

•.434 

*04.    C' 

>»■<>*.   o' 

•n  In. 

- 

x-:xi 

*  tn 

MU  •  «  MEl  •  1 

4-1 

11. M 

IM 

1  M 

I 

• 

I 

•  1.17 

I  M 

•  M 

I  *M 

•  (M 

I.M* 

•  :.U 

IM 

I.M 

1  M* 

1  M* 

I.M* 

•2.23 

I  M 

I  M 

1  M* 

I  Ml 

I  M* 

•2.24 

I  M 

I.U 

I  Ml 

I.M* 

•  M* 

•2.25 

IM 

I  M* 

•  *M 

CM 

•2.24 

•  ** 

I.  It 

I  Ml 

I  II 

-I  1.1 

»2.  M 

I  ** 

l.l? 

I  13' 

k*J9 

■CM 

•2.31 

•  4* 

1.1? 

1  »*1 

t.*7| 

-*.*u 

•2.32 

3.17 

1. 1? 

1.(31 

I.M7 

-1*34 

•2.33 

3.17 

??♦ 

1.  Ill 

(.1*1 

I  M* 

•2.3* 

3.17 

2.2* 

(.1*1 

(.123 

*.tl? 

•2.33 

4.91 

2.2* 

1.  :M 

I   1*4 

(.•33 

•2.3* 

♦.11 

3.34 

•  221 

1.141 

(.Ml 

•2.37 

».l: 

«.a 

1.271 

1  2*2 

i.*n 

•2.31 

5.75 

1.4* 

•  32* 

1.244 

(.Ml 

•2.31 

4.51 

11.2? 

•  343 

>     » 

(.(43 

•2.41 

7.«3 

14.91 

*.»3! 

1.415 

(.(34 

•2.41 

l*.7l 

44.43 

(.323 

1.341 

-l.«33 

•2.42 

17.31 

57.2* 

(.473 

1.143 

-4.292 

•2.43 

•  3.17 

44. 32 

(.143 

1.315 

-4.731 

•2-4* 

U.H. 

44.32 

1.277 

2.212 

-4.134 

•2«3 

73.3* 

71.43 

1.115 

2.117 

-:.M2 

•2.  »4 

74.*4 

1M.M 

2.421 

3.443 

■um 

•2.»7 

71.91 

:M.M 

3.2*1 

4.433 

-1.232 

•2.*! 

1M.M 

MM 

3.774 

5.143 

-1.343 

raoos^c  w.fcz  :o*«i!soi 
«-*•>•  »vnia«"7  -  «tjiniti>  m>  PioTtnorfr  -  ot-owiriifos  •ttmyi. 


X"XS      •*. 


M£A  •  a  a***.  •  i 


•  1.44 

4.M 

I.M 

1 

• 

• 

•  1.47 

I  M 

I.M 

I  M* 

I  M* 

I.M* 

•  I.U 

I.M 

I  M 

t.M* 

1.  M* 

*.*M 

U.il 

I.M 

I.M 

1  *M 

I  Mt 

•  Ml 

•2.24 

I.M 

1.12 

t.M* 

I.M* 

1  M* 

•2.23 

I.M 

1.12 

I  M* 

I.M* 

-t.M* 

•2.24 

1.12 

1.12 

I  M* 

III 

-*.(!( 

42.34 

1.12 

1.12 

l.(*1 

1.(47 

-*.•:• 

ten 

1.12 

1.12 

1*44 

*.(7( 

-*.(!• 

•2.32 

1.12 

1.12 

•  •44 

I.M7 

-4.  IK 

•2.33 

1.12 

2.24 

1*42 

(.1(1 

-4.111 

•2.3* 

1.12 

2.24 

4.(1* 

(.123 

-4.(31 

•2.33 

2.24 

2.24 

(.1(3 

•  .144 

■CM 

•2.34 

2.24 

3.34 

(.127 

1.144 

■CM 

•2.37 

2.24 

4.44 

1.151 

1.2*2 

-I.IV 

•2.34 

3.34 

1.44 

•.172 

(.244 

-•.•74 

•2.31 

4.4( 

11.22 

(.2*4 

(.3(2 

-4.M7 

•2.4* 

3.44 

.».11 

*.25* 

•  .413 

-•.  :4* 

•2.4) 

1 1 .  22 

44.4J 

•  3*4 

(.341 

-•.25* 

•2.42 

14.51 

57. 21 

(.411 

•.943 

-•.5*4 

•2.43 

4*.  43 

44.52 

•-371 

1.315 

-1.1:4 

•2.44 

57.24 

44.52 

*.1*3 

2.212 

-1.241 

•2.43 

44.  V 

74.43 

1.314 

2.497 

-1.341 

•2.44 

-3.24 

M  M 

2.2*1 

3.443 

-1.442 

•2.47 

71.43 

1M.M 

2.743 

4.433 

-1.444 

•2.4* 

MM 

:M.M 

3.331 

5.143 

-1.424 
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C-2S:     Second  Degree  Stockist ic  Do»iwce  Criterion  for  tie  »irci 
mo   t  Period  unen  Tut  Meignt   it  Ins  tn«n  or  eou»l  to  56 


STOCHASTIC.  DOhInAnCE  C3>*MIS0N 
BETWEEN  NO  TREATMENT  AnO  P^ISBHT 


STOCHASTIC  W»IN»C£  COMPARISON 
BETWEEN  PROTECTANT  •  «)U>TH!Cm  ;si  ;>j«isamt 


>T06.    of  t>rt)0.    0^ 

No  Trt.    1 

:'jai;ar.t 

>roo.    Of 

Jroo.    of 

«*li      c 

ungint 

0UTC0«E5 

NO  Trt.    1 

'<iaia«nt  AREA  •  A  AREA  •  B 

A-B 

OUTCOMES 

■lit 

fu»ig«nt  1 

JRSA  ■  A  AREA  •  | 

A-B 

•  1.86 

I.M 

t.M 

1 

1 

8 

•  1.86 

8.M 

I.M 

1 

1 

8 

•  1.87 

I.M 

1.58 

1 

1 

1 

•  1.87 

8.M 

LSI 

1 

1 

1 

ti.sa 

I.M 

1.58 

t.M! 

I.MS 

-8.885 

•  1.88 

8.M 

1.58 

I.Mt 

t.MS 

-I.M5 

•2.23 

t.M 

1.58 

I.M* 

1.212 

-8.212 

•2.23 

8.M 

1.58 

I.Mt 

8.212 

-8.212 

•2.24 

t.M 

1.58 

I.Mt 

8.218 

-8.218 

•2.24 

8.M 

1.38 

I.Mt 

8.218 

-8.218 

•2.23 

t.M 

1.46 

t.Mt 

8.222 

-8.222 

12.23 

8.M 

1.46 

I.MI 

1.222 

-1.222 

•2.26 

1.84 

1.46 

t.Mt 

8.233 

-8.233 

•2.26 
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kill 

1.1:3 

I.JM 

It.  II 

11.17 

:M.M 

klW 

1.44J 

•kM 

in 

4.14  7 

1.141 

»2.a 

MM 

IM.M 

4.454 

1.4SJ 

-4.W7 

PKMTK  M»:*»c?  cd*m:s* 

KMDl  <€  ■•0>T"»>'  1>«0  fU"ISM' 


57och«t!c  Km\*nci  :o*miso« 
ti'*l*  pkjtJC'mt  -  **jiNio  a*c  f ^:s*7 


>-o».   „t 

>ro».    o' 

•■o  frt. 

Jr,J.     o' 

>>-os.  o' 

""  M  : 

*e  Irt, 

-MI|1M 

at£a  •  a  »xj  .  ■ 

»-l 

OJ7CD<£5 

m< 

MMM 

•2.27 

I.M 

4.M 

4 

I 

1 

12.27 

4.M 

4.M 

•2.21 

I.M 

4.51 

I 

1 

1 

•2.24 

4.M 

4.31 

•2.21 

1.14 

4.31 

I.M 

I.M 

■kM 

•2.21 

4.M 

4.31 

•2.M 

:.:4 

4.51 

kM 

I.M7 

-4.M5 

•2.14 

4.M 

1.5! 

•2.34 

:.14 

4.51 

I.M 

1.1*2 

1.114 

•2.11 

4.M 

1.51 

•2.17 

1.14 

1.42 

I.MI 

1.4*7 

1.1** 

•2.17 

4.M 

I.M 

•2.11 

2.21 

Ml 

1.141 

1.157 

1.4*4 

•  2.14 

I.M 

2.41 

•2.11 

2.24 

2.5* 

4.121 

1.171 

4.4*4 

»2.n 

4.M 

2.5* 

•2.4* 

1.42 

1.44 

kin 

1.141 

4.4*5 

•2.44 

I.M 

4.** 

•2.41 

5.24 

4.1! 

I.  :ll 

4.117 

1.415 

•2.41 

2.42 

4.9: 

•2.42 

3. '4 

I.M 

1.222 

4.2:1 

4.  Ml 

•2.42 

1.41 

I.M 

•2.41 

'52 

I.M 

4.211 

4.142 

-4.4*1 

•2.41 

5.43 

I.M 

•  2.44 

7.52 

11.74 

4.144 

1.4** 

-4.471 

•  2.44 

3.45 

11.74 

•2.45 

4.41 

Ik  II 

1.4*4 

1.5*7 

-4.14* 

•2.43 

1.44 

12.11 

•2.44 

1.44 

21.14 

4.521 

1.141 

-4.1*1 

•2.44 

1.44 

24.44 

12.4? 

IkH 

MM 

1.124 

4.471 

-4.244 

•2.47 

14.71 

IM.M 

•  2.44 

MM 

:m.m 

1. 154 

:.4*1 

-4.144 

•2.44 

IM.M 

MM 

«W.|  <M 


IM  I.M7  -I.M7 

•  M  1.4*2  -1.1*2 

•  M  1.4*7  -4.4*7 
I.M  1.457  -4.437 
I.M  4.471  -4.171 
I.M  4.111  -4.  :ll 
I.M  1.147  -4.147 
4.114  4.211  -4.241 
1.434  kM  -4.244 
4.111  4.4*4  -4.121 
4.143  4.5*7  -4.142 
4.212  4.  HI  -4.«17 
4.1:5  4.471  -4.537 
4.*»7  1.4*1  -4.495 


•ftf  -  ;-i.;»o»i:is  •t-t<.  umj  .-jiii*' 


5tod«st:c  do*!*mc?  :dnx>«:i» 


DOMTIlfJS  -:•-'. 


>n).   o#  *■<».  o' 

•»•-. 

■44JMJ 

•--«- 

WMl 

■     .- 

»«ca  .  s 

••.-  •  1 

a-i 

•2.27 

4.M 

4.M 

1 

4 

4 

•2.24 

I  M 

4.31 

I.M 

kM 

I.M 

•2.21 

kM 

4.31 

I.M 

I.M 

-I.M 

•2.14 

I  M 

4.51 

I.M 

I.M7 

-4.M7 

•2.14 

in 

4.31 

I.MI 

1.4*2 

-4.4*2 

•2.17 

I.M 

..42 

I.M 

4.4*7 

-4.4*7 

•2.14 

I  M 

2.41 

I  M 

4.437 

-4.437 

•2.J1 

2.42 

2.5* 

I.M 

4.474 

-4.474 

»2.»4 

1.41 

4.»* 

1.42* 

4.141 

-4.471 

•2.41 

3.43 

4.11 

4.433 

4.  117 

-4.111 

•2.42 

3.43 

I.M 

1.413 

4.211 

-4.12* 

•2.41 

4.44 

IM 

kM 

4.1*2 

-4.171 

•2.44 

4.44 

•     • 

kM 

4.**« 

-4.2:4 

•2.45 

14.71 

12.14 

4.1:5 

4.5*7 

-4.212 

•2.44 

M   M 

21.  U 

4.541 

4.441 

-4.144 

•2.*? 

M  M 

MM 

1.44J 

4.471 

4.411 

•2.41 

:M.M 

MM 

I.M 

1.4*1 

1.411 

3UTOX5 

Mil 

•ft^yl 

*£fl  .  a 

My  •  i 

•2.27 

I.M 

•  M 

4 

• 

•2.24 

I.M 

4.M 

4.4M 

kM 

4. 

•2.21 

I.M 

4.M 

kM 

kM 

•2. 14 

I.M 

4.M 

I.MI 

kM 

1 

•2.14 

I.M 

4.M 

I.M 

kM 

t 

•2.17 

I.M 

4.M 

I.M 

I.MI 

• 

•2.11 

I.M 

I.M 

kM 

kM 

4. 

•2.11 

I.M 

2.»2 

I.MI 

kM 

1 

•2.  *4 

4  M 

1.4J 

kM 

1.424 

• 

42.41 

2.42 

3.45 

I.M 

4.433 

-4. 

•2.42 

1.41 

5.45 

4.414 

4.413 

■k 

•2.41 

5.45 

1.14 

1  451 

4.14* 

■k 

•2.44 

5.45 

4.*4 

kill 

4.214 

-4. 

•2.45 

1.14 

:4.7I 

kM 

4.1:3 

-4. 

•2.44 

1.44 

1M.M 

1.212 

4.341 

-4. 

•2.47 

14.71 

MM 

1.1:3 

1.44J 

•2.44 

MM 

:M.M 

4.147 

ua 
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C-23:     5econe  Dtoree  5:oci«tic  Doeimnce  Criterion  for  tie  «irc 
3uo!e  Perioc  wter.  «cis:ur«  Content   is  '.«»  Tiir.  c  Eoul! 


5TXHOS*!C  00»InAnCE  C0"«»IS0N 
BETWEEN  NO  THEflToENT  And  PWECTANT  -  nAUITmIOn 


CtTTCOXS 

«*>    Trt 

Mil 

OUEA  >  a 

D»EA  •  B 

A-B 

•  2.39 

1.44 

1.84 

1 

1 

I 

•2.»4 

l.M 

4.84 

I 

1 

( 

12.41 

2.43 

2.71 

1 

1 

4 

•2.42 

«.*6 

5.44 

4.424 

I.K7 

-4.447 

•2.43 

It.  1* 

14.5! 

i.»61 

•.Ml 

-4.824 

•2.44 

12.17 

17.21 

1.162 

1.226 

-4.454 

•2.45 

16.23 

22.62 

4.284 

8.398 

•1.114 

•2.46 

24.34 

33.43 

4.446 

8.624 

-4.  178 

•2.47 

26.37 

36.13 

1.585 

1.952 

-4.267 

«2.»4 

1M.M 

1M.M 

4.734 

1.413 

-4.284 

S'OCHOSTIC  OOnInANCE  C0*MIS0* 
BETWEEN  MO  !«EflT«£«T  ANJ  POQTECTAnT  -  C*.0W«le0S  PETM*. 


Pros,    of  ProO.    of     ■*>  Trt. 


OUTCOMES  Ho  Trt 

•2.  39  4. 44 

12.41  4.44 

42.41  2.43 


•2.42 

•2.43 
42.44 

12.45 
•2.46 

42.47 
42.44 


14.14 
12.17 
16.23 
24.34 
26.37 
.44.44 


rtnyl     (M£fl 
2.71 


17.2! 
22.62 
33.43 

36.13 
.44.44 


4.424 

(.Ml 
1.1(1 
(.122 
(.162 
(.239 
(.(45 


(.(27 


I  MEA  •  B  »-B 

( 
-4.(27 
(.(81  -4.  HI 
17.191  -17. 17(1 
22.579  -22.539 
33.329  -33.227 
36.448  -35.887 
99.834  -99.675 
99.  761  -99. 523 
99.955     -99.911 


STXHflST!C  OWINQNCE  :3*M!S0n 
BETWEEN  HO   T9£flT«E«T  AND  J.JdISflNT 


ST0O«ST!C  DOMINANCE  C0»ARISOn 
BETWEEN  PROTECTANT  -  KflLflTHIOti  AhD  ru»I»KT 


9roS.    of  ftroo.    of     Ho   Trt.    Fueigint 
OUTCOMES     Ho   Trt.    *H1((M    0*EA  ■   0  B%l  .   B 


Of        Mil        e(l»l' 


12.39 

(.44 

4.N 

4 

( 

I 

•2.44 

4.84 

2.K 

( 

( 

( 

t2.4! 

2.(3 

5.79 

(.444 

(.(21 

-4.421 

42.42 

4.46 

12. 1( 

(.824 

(.(79 

-4.459 

42.43 

'.(.14 

14.21 

(.461 

(.244 

-4.139 

•  2.44 

12.17 

24.44 

(.162 

4.342 

-4.188 

•2.45 

16.23 

28.41 

(.284 

(.542 

-4.258 

•2.44 

24.34 

34.51 

1.4«4 

(.826 

-8.388 

•2.47 

26.37 

149.44 

8.685 

1.125 

-4.444 

•2.48 

144.44 

1(4.44 

4.734 

1.295 

-4.565 

C-JTC04ES 

•all      « 

uaintnt  AREA  •  ft 

-i-  •  8 

ft-B 

•2.39 

t.M 

8.(4 

( 

( 

8 

•2.44 

(.84 

2.11 

( 

8 

( 

•  2.41 

2.74 

5.79 

(.444 

(.121 

-4.(21 

•2.42 

5.44 

12.11 

4.(27 

(.(79 

-8.(52 

•2.43 

14.51 

14.24 

4.881 

(.2M 

-4.119 

•2.44 

17.2! 

24. 44 

8.226 

(.3*2 

-4.116 

•2.45 

22.62 

28.41 

8.398 

(.542 

-4.14* 

•2.46 

33.43 

38.51 

8.624 

(.826 

-4.242 

•2.47 

36.13 

144.44 

8.952 

1.125 

-4.173 

42.48 

144.44 

144.44 

1.(13 

1.295 

-4.282 

STXHftSTIC  DOMINANCE  C0KOO4IS0H 
BETWEEN  PROTECTANT  -  DtlMPYNlPOS  *£TWl 


STOCHASTIC  DOMINANCE  OXWISON 
BETWEEN  PROTECTANT  -  HXATHION  AND  PROTECTANT  -  COkWIFOS  CMA 


PrOO.     Of    ProO.     Of      Nftlyl       •"  111  iq 

0UTC0"ES    Netty  I     fminint  AREA  •  A  AREA 


•2.39 
•2.44 
42.41 
•2.42 

•2.43 
•2.44 
•2.45 

•2.46 
•2.47 
•2.48 


S.4« 
14.51 
17.21 
22.62 
33.43 
36.13 
144.44 
144.  N 
144.44 


2.14 
5.79 
12.11 
14.24 
24.  N 
28.41 
34.5! 
144.  N 
144. N 


4.427 
4.481 
(.226 
(.398 
(.624 
(.959 
1.324 
2.3(4 
2.471 


(.421 
8.(79 
(.244 
4.342 
4.542 
4.826 
1.125 
1.295 


8 
(.827 
(.(64 

(.147 
(.194 
(.28J 


8.494 
1.175 
1.175 


Proo.    Of  ProO.    of 

•ill 

•ethyl 

OUTCWS 

Mill 

■etnyl 

AREA  •  A 

AREA  .   B 

ft-B 

•2.39 

8.(4 

2.74 

( 

4 

8 

•2.44 

(.44 

5.44 

(.444 

4.427 

-4.427 

42.41 

2.78 

14.51 

1.444 

(.481 

-4.481 

•2.42 

5.44 

17.21 

4.827 

8.226 

-4.199 

•2.43 

14.51 

22.62 

4.881 

8.398 

-4.317 

•2.44 

17.21 

33.43 

8.226 

8.624 

-4.394 

•2.45 

22.62 

36.13 

8.398 

1.959 

-8.561 

•2.46 

33.43 

144.(4 

8.624 

1.324 

-4.696 

•2.47 

36.13 

144.44 

8.952 

2.  344 

-1.348 

•2.48 

144.44 

1(4.  N 

1.813 

2.478 

-1.457 

119 
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.  ■  • 


s-x-os-::  *j»i«4»e!  co-miwi 
.    i  «  •«*■<<!  a*  sc-    -       *. 


Il<i'::  M*l4*0  C9*MIJ0» 
KTrf£«  <   ••£*•<«!  a*  MOUC'M'   -  C-OMM:-  •    • 


>-04.   o'  >m.   o<     «o  'M. 


aica  •  a  s«a  •  l 


•2.24 

IN 

I  M 

I 

1 

t 

•2.27 

•   M 

1   M 

1 

• 

I 

«.■ 

1   (1 

Ml 

IM 

INI 

i  m 

42.34 

1.47 

l»U 

l.l'.l 

I.*I5 

-t.H* 

«.3: 

1.47 

I.U 

t.i:4 

t.*2l 

-4.NS 

•2  32 

US 

1.(1 

ill 

i.ia 

-4  Ml 

M.JJ 

LSI 

I.U 

im 

i.ijj 

1  Ml 

•2.34 

LSI 

I.U 

1.153 

i.ui 

1.1:4 

MB 

t«l 

I.U 

I  Hi 

•  <• 

1*23 

•2.14 

2.43 

i.is 

•  IV 

I    14* 

1  421 

42.17 

3.14 

L*l 

1.  Ill 

l.l'l 

•  Ill 

•2  1* 

1.94 

2.47 

IM 

1.  IM 

•  1*4 

•2.31 

3.94 

2.47- 

i.  m 

*.  13* 

1    * 

•2.4* 

3.94 

j.»» 

ran 

1  154 

I.MI 

42.41 

LH 

LIT 

(.IK 

t.  ill 

I  .*93 

•2.42 

II. SI 

9.17 

1.3*4 

•  J*5 

*.  122 

«.o 

iT.a 

:(,.»* 

I  «« 

•  .  J*3 

1.  ill 

•2.44 

21.31 

21.34 

•  &V* 

1* 

1. 151 

•2.45 

ji.u 

29.  M 

*.|7* 

1.7*7 

(.1(1 

•2.44 

44.2* 

37.*2 

1.24* 

•.997 

•.au 

•2.4' 

s*.3i 

S*.U 

'..'11 

I.M 

i.i'j 

•c.4| 

MM 

MM 

1.132 

:.»»4 

•  144 

:>-oo.  o'  i 

>-M.   »' 

*0   M. 

•♦■-. 

xrnxs 

10    M 

■jttfl     MU  •  «  MW  •  1 

a-l 

•2.24 

I.M 

I.U 

1 

1 

1 

•2.27 

I.M 

I.U 

I 

4.M5 

-*.M3 

12.21 

1  11 

I.U 

I.M* 

I  I  1 

-III 

•«.j* 

1.47 

I.U 

MM 

1.123 

-114 

•2.31 

1.47 

I.U 

l.lli 

I  • 

-4.1:5 

•  2.32 

1.51 

I.U 

I    1    4 

I.U* 

I  I  • 

12.13 

1.51 

1.15 

I    111 

M*l 

-4.  MS 

•2.1* 

1.51 

:.U 

1.153 

IN 

-4  Ml 

•2.33 

2.43 

2.47 

I.MI 

I  Ml 

-4.1:2 

12.34 

2.43 

2.47 

•  IV 

1.115 

-4  1:1 

12.37 

3.V 

2.47 

1.111 

1.124 

■4.1:3 

•  2.34 

3.*4 

2.47 

1.144 

1.144 

I  Ml 

12.31 

3.94 

4.17 

4.in 

(.in 

•  »i 

•2.44 

3.94 

10 

I.2J1 

1.241 

-I.M2 

•2.4: 

I.M 

:4.*4 

1.271 

1.1*4 

-I.MI 

•2.42 

11.51 

24.34 

1.344 

ISM 

-1.114 

•2.43 

17.25 

21.  M 

1  442 

1.714 

-1.222 

•2.44 

2:.5J 

37.12 

I.4S4 

1.914 

-4.3J1 

12.  «5 

31.15 

54.44 

1.171 

1.144 

-1.494 

•  2.44 

44.21 

MM 

1.241 

1.171 

-1.411 

•  2.4  7 

54.31 

1M.M 

1.7J3 

2.151 

-1.117 

•  2.44 

MM 

IM.M 

1.132 

3.121 

-1.1U 

sto*t:c  »'.<*€■  csoMis*. 


x-:»s 

•*.* 

*»•.-.. 

;*y  •  a  ana  •  i 

a-i 

•2.24 

I.M 

I.U 

I 

I 

I 

•2.27 

I.M 

I.U 

• 

1.4*3 

-I.M3 

•2.21 

I.U 

I.U 

I.M* 

III! 

-«.•:• 

•2.31 

I.U 

I.U 

I.IIS 

1.123 

-*.*!( 

42. 11 

I.U 

I.U 

1.121 

I.Ul 

-4  •:• 

•2.32 

I.U 

I.U 

1  423 

1.134 

-*•:* 

•2.13 

I.U 

I.U 

1.133 

(.Ml 

-III 

•2.3* 

I.U 

I.U 

*  I'- 

l.*U 

-l.«21 

•2.15 

I.U 

2.47 

ll** 

1  «M 

-1.133 

•2.34 

I.U 

2.47 

I.M4 

1.113 

-I.MI 

•2.37 

2.47 

2.47 

1.171 

1.124 

-*-»*4 

•2.11 

2.47 

2.47 

1.   M 

1.144 

-4**4 

•2.11 

2.47 

4.17 

1.114 

4.179 

-1*44 

12.4* 

2.47 

1.47 

(.19 

1.241 

-4.  Ml 

•2.41 

4.1 7 

14.14 

(.Ml 

1.341 

-4.13' 

•2.42 

1.(7 

24  34 

4.245 

1  5M 

-4.233 

•2  41 

14.44 

21.  M 

(.3*1 

1.7*4 

-4.344 

•2.44 

21.34 

37.12 

1.5*4 

1.994 

-*.49* 

•2.45 

21.  M 

51.  M 

1.717 

1.14* 

-4  454 

•  2.44 

37.  R 

:M.M 

1.917 

1.17* 

-*.I72 

42.47 

51.44 

MM 

1.344 

2.45* 

-1.49* 

•2.44 

:M.M 

MM 

1.444 

3*2* 

-1.374 
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S*conc  D»or*«  Stocnjitic  Oo«iMnc«  Criterion  for 
:-•:    I   Period   Mnfn  "Oltturt  Content    it   ortittr 
jnd    .«»  tn»n  or  Mull   to  11 


STOCHASTIC  DOInAnCE  C3HWIS0* 
BETWEEN  NO  TREATMENT  AND  FUMGANT 


stochpstic  wxjnoce  co*a«:son 
between  protectant  -  i«lathion  and  fu«isa*t 


>roo.   of 

»TO0.    of 

No  Trt. 

•umgint 

3roo.    of 

>roS.    Of 

«4li        1 

:u»ig»nt 

OUTGOES 

no  fct. 

•'ui:qint 

UREA  •  a 

AREA  •  B 

a-b 

»jTa»es 

U\t       1 

:u«lS*nt 

SREA  «  A  I 

H£fl  •  B 

A-B 

12.26 

t.M 

I.N 

1 

( 

( 

•2.26 

9.99 

9.99 

( 

9 

( 

•2.27 

i.n 

».*6 

( 

1 

( 

•2.27 

9.99 

(.48 

( 

9 

9 

•  2.28 

•.♦7 

l.*6 

9.949 

(.(** 

-(.((* 

(2.29 

9.62 

9.48 

(.9(9 

9.94* 

-(.94* 
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ABSTRACT 

As  of  December  1987,  Kansas  producers  held  over  75  million  bushels 
of  wheat  in  farm  storage  while  342  million  bushels  were  stored  in 
elevators.   The  quantity  of  grain  in  storage  has  increased  over  the 
past  several  years,  primarily  because  production  has  increased  more 
than  demand  in  the  market.   Because  of  this,  concern  about  the 
maintenance  of  the  quality  in  stored  grain  has  grown.   In  particular, 
the  affect  of  insect  activity  on  grain  quality  when  grain  is  stored  for 
long  periods  of  time  has  become  a  major  concern.   Therefore,  the 
purpose  of  this  study  is  to  analyze  the  decisions  the  producer  must 
make  regarding  control  of  insects  in  stored  grain.   The  decision  made 
must  be  one  that  will  be  economical  in  terms  of  treatment  cost,  control 
of  insects  in  grain,  and  potential  discounts  for  damaged  grain. 

Basically,  three  data  sets  were  combined  in  order  to  study  the 
selection  of  treatment  strategies.   The  first  data  set  was  from  a  study 
of  on-farm  storage  where  79  bins  were  monitored.   Samples  were  taken 
from  bins  every  two  months.   Over  time,  the  number  of  bins  sampled 
decreased  because  of  grain  movement.   The  samples  were  analyzed  for 
wheat  quality,  insect  infestation  and  types  of  treatments  used.   The 
farmers  strategies  were  grouped  into  four  types  of  treatment  methods. 
Essentially,  the  farm  samples  provided  data  on  treatment  methods  used 
by  the  producers,  insect  counts,  and  the  dates  the  samples  were 
collected. 

The  second  data  set  included  samples  collected  by  elevator 
operators  from  wheat  that  was  marketed  by  producers  in  the  area.   Those 
samples  were  analyzed  for  wheat  quality  conditions  and  insect  counts. 


It  was  found  that  test  weight  and  moisture  content  were  a  signifi. 
contributor  to  the  producer  receiving  a  discount.   This  data  provided 
the  information  needed  to  calculate  the  discounts  likely  for  insect 
damage . 

The  third  data  set  included  the  cost  of  the  treatments  used  in 
this  analysis.   The  costs  were  gathered  from  interviewing  49  grain 
elevators,  cooperatives  and  agricultural  services. 

A  second  degree  stochastic  dominance  criterion  was  used  to  compare 
different  treatment  strategies.   Strategies  were  compared  for  four 
different  marketing  points  and  several  different  wheat  qualities. 
Minimum/No  treatment  and  malathion  methods  were  most  frequently  found 
to  remain  in  the  efficient  set  for  each  of  the  four  sample  periods 
examined  in  this  study.   In  more  than  half  of  the  comparisons,  both 
minimum/no  treatment  and  malathion  methods  were  in  the  efficient  set 
which  means  they  would  be  selected  by  risk  averse  individuals.   In 
addition,  even  though  fumigation  was  used  by  more  producers  in  the 
field,  it  was  selected  to  remain  in  the  efficient  set  only  25  percent 
of  the  time. 

Several  limitations  were  discussed  when  evaluating  which  treatment 
method  the  producer  would  select  to  use  on  his  stored  grain.   First, 
producers  may  treat  stored  grain  because  of  a  history  of  insect 
infestation  on  their  particular  farm.   In  this  case,  producers  would 
apply  a  treatment  because  they  expect  to  have  problems  from  past 
experiences.   On  the  other  hand,  producers  that  do  not  have  a  history 
of  insect  problems  in  their  stored  grain  may  not  apply  a  treatment. 
Essentially,  without  gathering  historical  data  on  each  bin  sampled  or 
carefully  monitoring  bins  with  similar  conditions,  this  factor  could 


not  be  appropriately  added  into  this  analysis. 

Secondly,  it  was  assumed  that  consistent  discounts  were  charged  to 
different  producers  by  country  elevators,  terminal  elevators,  and  even 
within  the  elevators  themselves.    It  was  discovered  by  interviews  and 
the  data  sample  available,  that  this  assumption  may  not  be  entirely 
appropriate.   Because  of  this,  the  producer  may  have  other  decisions  to 
make  in  addition  to  his  selection  of  a  treatment  to  use  to  reduce  the 
probability  of  receiving  a  lower  net  income.   These  decisions  may 
include  the  choice  of  an  elevator  for  delivery  of  his  grain  and 
comparison  of  transportation  costs  to  possible  discounts  when  selecting 
a  market  for  his  grain. 


